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INTRODUCTION 
Procedures and Objectives of Seed Testing 
Agricultural and horticultural productivity depends, to a great ex­
tent, on the quality of seeds which are planted. The seed industry alone 
represents a billion-dollar operation. Estimates of crop losses due to 
planting seeds of inferior quality range from 5% upward and another 1-2% 
is lost by not having needed information on seed quality at the time of 
planting (41). 
In considering qualityj a seed can be compared with a precious gem. 
The lay person cannot determine from appearance or examination the value 
of either. Only the specialist who is well-trained can be expected to as­
sess the quality of either the seed or the gem and both must rely upon the 
results of the tests before final judgement is passed. It follows that 
farmers, seedsmen, control officials, or others who wish to know the qual­
ity and, hence, the value of a seedlot must submit a representative sample 
for testing in accordance with established procedures. The merchant is 
very interested in rest results which can be duplicated by other testing 
stations throughout the world. This is necessary if seed testing is to 
serve the merchant who may ship seeds in either domestic or foreign com­
merce. It follows that uniform methods for determining seed quality gen­
erally must be acceptable and prescribed and, when properly applied by 
trained personnel, must yield results with a high degree of accuracy re­
gardless of where or when the tests are made (18, 63). 
Porter (65) has compiled a comprehensive review of literature on 
seed testing. Justice et al. (44) published a comprehensive manual on 
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testing agricultural and vegetable seeds, including identification of crop 
and weed seeds. Much of the literature in the English language directly 
applicable to seed technology has been published in: (a) The Proceedings 
of the Association of Official Seed Analysts (AOSA, United States and Canada) 
(7, 8); and (b) The Proceedings of the International Seed Testing Associa­
tion (ISTA) (9). In the United States, seed programs have been developed 
over the past 25 years in universities in such states as California, Mis­
sissippi, New York, North Carolina and Oregon. The various publications 
series of these universities and of the U.S. Department of Agriculture 
carry articles relating to research on seed quality. 
In developing rules for seed testing. Justice (43) has listed the 
following objectives which have served as guidelines: (a) to provide 
methods by which the quality of seed samples can be determined accurately; 
(b) to prescribe methods by which seed analysts, working in different 
laboratories in different countries throughout the world, can obtain uni­
form results; (c) to relate the laboratory results, insofar as possible, 
to planting value; (d) to complete the tests within the shortest period of 
time possible, commensurate with the rest of the objectives; and (e) to 
perform the tests in the most economical manner. 
Information gained from the experience of seed technologists over the 
years through routine testing and research in various disciplines of plant 
science has served as the basis for revising the rules for testing seeds. 
Since about 1940-1945, research has provided most of the data used in al­
tering the rules for testing seeds (44). The early rules for testing 
seeds provided for three types of tests, namely: (a) purity test, whereby 
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the working sample was divided into pure seeds, other crop seeds, weed 
seeds and inert matter, the results being expressed in percent on weight 
basis; (b) an examination for noxious weed seeds, in which a much larger 
sample than that used for the purity test was tested and the results ex­
pressed as the number of seeds in an ounce or pound of seeds; and (c) a 
germination test including the determination of normal, abnormal, dead 
and hard seeds; results are expressed as percents by count. The present 
rules of the AOSA (9) include these three tests. This issue has methods 
for testing the germination of 543 kinds of seeds grouped into field and 
agricultural seeds, 179; vegetable and herb seeds, 79; flower seeds, 181; 
and tree and shrub seeds, 104. 
Most laboratory tests are made on filter paper, paper towels or blot­
ters. Other materials used include sand, granulated peat moss, and a form 
of mica called Vermiculite or Terraiite. The substratum as described (41) 
should: (a) be nontoxic to the germinating seedlings; (b) be relatively 
free of molds, other micro-organisms and their spores; and (c) provide 
adequate aeration and moisture for the germinating seeds. At the Iowa 
State University Laboratory, three methods in wide use consist of planting 
seeds widely in rolled towels, kimpak or sand. The choice of the sub­
strate depends on the space available, facilities, kind of seed to be 
tested and training level of analysts. Basically, two tests are done. 
One aims at determining the planting value of a seedlot, and the other 
evaluates the vigor and storability of a sample. 
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Seedling Evaluation 
A seed shall be considered to have germinated when it has developed 
into a normal seedling, while broken, weak, malformed and obviously ab­
normal seedlings shall not be considered to have germinated (6). Normal 
seedlings should have a well-balanced symmetrical growth pattern of all 
their essential parts. When one part shows stunting or weakness in re­
spect to the growth of another part, some abnormality should be suspected. 
All seedlings should be allowed to develop to a stage at which the essen­
tial plant parts can be determined. Brown and Toole (14) were among the 
early workers who showed that certain types of broken and weak seedlings 
did not produce plants. This led to additional research (2, 5) and to in­
clusion in the rules for seed testing of definitions, examples, illustra­
tions aimed at assisting the seed technologist in classifying seedlings (8, 
9). The Proceedings of the American Association of Seed Analysts (7) de­
scribes normal and abnormal seedlings by way of photographs and illustra­
tion, while ISTA (8) has four groups of abnormal seedlings, namely; (a) 
damaged seedlings; (b) deformed seedlings; (c) decayed seedlings; and (d) 
seedlings with unusual hypocotyl development. Wellington (82) has pub­
lished detailed descriptions and illustrations of seedlings based on ISTA 
(8) .  
Justice et al. (44) has listed in general the basic causes of abnor­
mality in seeds; they are: (a) declining vitality; (b) infection with 
pathogenic organisms; (c) mechanical injury; (d) insect injury; (e) chemi­
cal treatments; (f) metal germination trays; (g) toxicity of substrata; 
(h) frost damage; and (i) mineral deficiency. Abnormality, therefore, 
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covers a wide range of physiological, morphological and pathological de­
fects (81). In this study, we have focused on the pathological defects. 
Pathological Defects in Seed Germination 
Although seeds infected with certain pathogenic organisms may initi­
ate growth, one or more of the essential seedling structures may be dam­
aged or destroyed by fungi or bacteria. Since manifestations of disease 
on the seedlings are largely dependent on environmental conditions during 
the test period, germination results may be erratic unless the conditions 
are carefully controlled. Of particular concern to the seed analyst are 
the saprophytic fungi which develop on seeds and/or substrates (4, 2, 37, 
and 58). Due to their saprophytic nature, fungi associated with few seeds 
may proliferate and spread over adjacent ones decomposing radicles and 
plumules. This impairs the germination of a given seedlot. Even though 
there may be occasions when no necrosis occurs (45), presence of these 
fungi obscures parts of the seedlings, resulting in incomplete evaluations 
and uncertain results. This creates inconsistency in the prediction of 
field performance of ssedlots by various laboratories. These fungi are 
commonly referred to as molds, as saprophytes when they grow on organic 
or decaying matter, or as microbial contaminants or simply as contaminants 
when they are associated with pollution of any kind of system. 
Microbial contamination of laboratory germination tests is referred 
to in most germination textbooks (36, 57, 71 and 79). Hay (37) found that 
molds of the genera Cladosporium Link, Rhizopus Ehrenberg and Alternaria 
Nees frequently infested laboratory tests of the Great Northern beans, re­
ducing germinations. Sterocide dust and 0,25% solution of uspulum were 
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both effective in controlling molds in the laboratory tests. There were 
no marked results from treating the seed for field germination tests. 
Rati and Ramalingam (68), in a laboratory study, reported that Aspergillus 
flavus Link ex Fr. affected groundnut and other tropical crops in four dif­
ferent ways: seed rot, nonemergence of cotyledons, cotyledonary infection 
and plumule infection. Infection and abundant sporulation were recorded 
in bean, cotton, groundnut, pea and Tamarindus indica L. Tvert (78) noted 
that culture media of Aspergillus flavus, A. ochraceous Wilhelm and A. 
niger Van Tiegh. affected seed germination. In spore suspension, A. flavus 
affected the stand and vigor of the seedlings, while A. niger reduced the 
germination. 
Desai et al. (26) showed that filtrates of these fungi could inhibit 
germination. The effect of culture filtrate of the fungi was tested 
against seed germination and shoot and root elongation of Niger seeds. 
One hundred healthy seeds were soaked in 20 ml culture filtrates of dif­
ferent fungi in Richard's and Czapeck's medium at different intervals (1, 
6, 12 and 24 hours). The root and shoot elongation was measured after 4 
days and percent inhibition over the control was calculated. Results from 
these studies indicate that metabolites were more toxic in Richard's than 
in Czapeck's medium. Aspergillus flavus and A. niger produced the most 
toxic products. 
Kudrina (49) reported that culture filtrates of Pénicillium Link, 
Aspergillus flavus and Mucor spp. Micheli reduced the germination of tomato 
seeds. Further, Gupta and Rana (33) reported that filtrates of A. niger 
had maximum reduction in the germination of seeds of tomato (Solanum 
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nigrum L.), brinjal {Solanum nigrum L.) and chillies {Capsicum sp. L.). 
Memnoniella Von Hohrel showed a lesser effect. 
Several groups of chemicals influence seed germination by promoting 
faster germination, inducing greater seedling vigor, increasing light sen­
sitivity or by substituting for light or low temperature stratification 
requirement (20). Potassium nitrate (KNO3) is the most widely used chemi­
cal for promoting seed germination (61). A solution of 0.2% (2 gm KNO3 in 
100 ml HgO) is used for moistening the substratum, except that, when test­
ing Kentucky bluegrass and Canada bluegrass, a 0.1% solution is used. 
Either tap water or distilled water should be used when rewatering the 
tests. Use of KNO3 may, however, enhance growth of saprophytic fungi (3, 
12, 58). This has been particularly true when 0.2% KNO3 has been used to 
moisten blotters for germination work than when 0.1% or water alone is 
used. 
Baker (11) lists the general effects of moldiness in seeds, and among 
those affecting seed testing are the following: 1) seedling emergence is 
severely reduced from decay of seed before or after planting; 2) seedling 
growth is affected by toxicity of metabolic products of the micro-organ­
isms to the seedling (e.g., albinism of corn (42, 46) and citrus (27); 3) 
seed appearance is markedly affected, reducing salability for planting pur­
poses or for milling; 4) storage of seed is affected by heating and by de­
terioration from the micro-organisms present on it (16, 19, 64). 
Seed indexing to detect pathogens present or for certification is 
markedly hampered by the presence of the saprophytic micro-organisms, par­
ticularly when seeds are inoculated to permit the pathogen to develop. 
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These saprophytes are considered to be one of the prime causes of vari­
ability in comparative seed tests for the presence of pathogens (51, 52). 
Fungal Contaminants as Causes of Pathological 
Defects in Seedling Evaluation 
The germination test remains the principal and accepted criterion for 
seed viability. Test results are obtained from seeds which have been 
placed under favorable germination conditions. Seldom are these conditions 
encountered in the field at the time of planting. Stress tests have, 
therefore, been developed to stimulate the suboptimal conditions and to 
measure the performance of seeds under these conditions. Under suboptimal 
conditions, high vigor seeds have a greater potential for emergence and 
stand establishment. In these tests, seeds are stressed either prior 
to imbibition or during germination. In general, stress tests are 
the cold test for corn and other cereals, the cool germination test for 
cotton, and the accelerated aging test. In all these tests, seed germina­
tion remains the criterion for evaluation. 
In accelerated aging test, seeds are stressed prior to the germina­
tion test. Seeds are placed in temperatures of 40-45C and nearly 100% 
relative humidity for varying lengths of time, depending on the kind of 
seeds, after which a germination test is made. The basis for this test is 
that higher vigor seeds tolerate the high temperature-high humidity treat­
ment and, thus, retain their capability to produce normal seedlings in the 
germination test. This test was first developed by Delouche (24) and De-
louche and Baskin (25) for predicting the relative storability of seeds. 
The conditions of these tests, high temperatures and high humidity, provide 
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ideal conditions for growth of profuse types of fungi. 
Numerous studies have been done on aging and vigor of seeds, as evi­
denced by several reviews (17, 37, 71, 84), but the involvement of fungi 
in seed deterioration is usually overlooked. Conditions favoring rapid 
aging may also favor invasion by storage fungi. Contributions of aging 
and of storage fungi to seed deterioration cannot be readily separated 
from each other. However, Harman and Mattick (34) and Harman et al. (35) 
have reported that Aspergillus spp. can attack seeds in storage when seed 
moisture is in equilibrium with relative humidity greater than 65% and 
cause changes that mimic physiological aging. Physiological changes ac­
companying physiological aging (17, 34, 36, 71, 84) and attack by storage 
fungi (34) have been cataloged, but the basic biochemical events leading 
to these changes are not known. Harrington (36) and Pammenter et al. (63), 
however, have suggested that the oxidation of unsaturated lipids may lead 
to free radical formation. Free radicals may then damage cellular mem­
branes and react destructively with macromolecules. Thus, free radical 
formation may be important in seed deterioration. In the presence of 
fungi, deterioration may be significantly increased (34). 
Sources of contamination 
The sources of contamination could be the seeds themselves as they 
are brought into the laboratory (3, 65), the substrates (3) or the air 
(58). The seeds as a source of contaminating fungi have not been fully in­
vestigated; however, Andersen (3), investigating the source of fungi in 
blotters, found that few fungi developed on sterilized blotters. The 
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blotters in unopened boxes were intermediate in supporting the growth of 
fungi. The fungi most frequently encountered were Stachybotrys sp. Corda, 
Chaetomium sp. Kunze and Schmidt, Botrytis cinerea Persoon and Pénicillium 
sp. Link. The enormous amount of literature documents air as a source of 
contaminating fungi. 
If afforded reasonable protection and adequate moisture, many micro­
organisms can flourish on nutritionally marginal substrates. These re­
quirements are commonly met in homes, offices and other man-made indoor 
structures. The minimum relative humidity permitting growth varies between 
75% RH and 95% RH for different species. The most prevalent fungi inside 
buildings are Aspergillus spp. Link and Pénicillium spp. Link. A common 
feature among them is their quick (a few days) and simple asexual repro­
duction cycle, resulting in the formation of enormous quantities of spores 
(conidia). Due to their ubiquitous nature, much attention has been paid to 
sources related to these fungi in homes, hospitals, food processing labo­
ratories and poultry and farm animal houses. Early studies (30) around 
the House of Commons in London reveal the complex nature of the spore con­
centration in buildings. The outdoor spore concentration in July varied 
between 1000 and 2000 spores/cubic meter, which was reduced to a tenth 
of this value in the mechanical ventilation shafts of the building. How­
ever, it went up to between 8000 and 12,000 spores/m^ in the communal 
rooms, such as the dividing room and the smoking room. Nilsby (62), in 
Denmark, using Petri dishes, and Richards (69) an aspirated filter in 
Britain, found indoor spore concentrations approximately one-fifth of that 
outdoors. However, both found that there were large differences between 
damp and dry houses, with damp houses having more spores than the dry 
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houses. In the Danish study, the indoor and the outdoor species were 
similar, but more Pénicillium spores were found in the house than outside. 
Richards (70) found the most common species in damp houses to be Alternaria 
tenuis Nees, Aspergillus niger Van Tiegh, A. glaucus Link, A. fumigatus 
Fresenius, Cladosporium herbarium (Persoon) Link, Pénicillium and Pullularia 
pullulans (de Bary) Berkhout. Maunsell (55) used dishes with culture media 
to investigate mold spore populations of eight London homes. The indoor 
molds were present in the same concentration as the outdoor ones, although 
there was an increase of fourteen times inside the house when dusting oc­
curred. The minimum relative humidity permitting growth varies between 75% 
and 95% for different species. 
Davies et al. (23) examined molds in household dust all over Britain. 
Fifty-five species were isolated at different humidities. Aspergillus 
repens de Bary was the most predominant species at 85% relative humidity or 
below. An extension of this work showed that house dusts from other coun­
tries were very similar to that of Britain. If the relative humidity of 
the dust was kept below 75% at room temperature, then molds grew. However, 
from 80% relative humidity to 97% relative humidity, mold growth rates in­
creased. No Cladosporium Nees was found inside. 
Wallace et al. (81) studied the spore concentration in the air and 
dust for a year in America. They found lower spore concentration in the 
air in winter than in summer; however, their report indicates that the 
spore concentration in dust remained constant all the year round. 
There is a rich variety of molds in outdoor air and representatives 
of them can usually be found both in the dust and in the internal air of 
12 
buildings. The actual proportions of the different species vary, with 
Alternaria and Cladosporium Link being the major outdoor molds, while As-
pergillus and Pénicillium are the main indoor molds. The air in damp houses 
contains ten times more spores when compared to that in dry houses. 
In assessing prevalence of fungi in domestic interiors, Solomon (75) 
reported the following genera outside and within 26 homes during frost-free 
periods: Cladosporium, Alternaria Nees, Epicoccum Link ex Wallr., Fusarium 
Link, pigmented yeasts, nonpigmented yeasts, miscellaneous filamentous 
genera, nonsporulating filamentous fungi (both outside and indoors) and 
Pénicillium, Aspergillus (exclusively indoors). During frost-free periods, 
emanations of dark spored form genera predominated with indoor levels aver­
aging 25% of those outside air. During winter months, form species of 
Pénicillium, Aspergillus, Oospora Wallr., Sporothrix Hektoen and Perkins, 
yeasts, etc., predominated indoors, concentrations never exceeding 230 
particles/ml. In a study by Kozak et al. (47, 48), in which 68 homes were 
sampled, species isolated included Cladosporium, Pénicillium, Alternaria, 
nonsporulating mycelium, Epicoccum, Aspergillus, Aurobasidium Viola and 
Bayer, and Drechslera Ito. In 1980, the same authors (48) surveyed 7 homes 
and reported fungi such as Alternaria, Ulocladium Preuss, and Streptomyces 
on jute-backed carpets, while Torula herbarum Per. ex Fr. was found on 
bathroom carpets. On closet walls, they found extensive growth of Pénicil­
lium, Alternaria, Cladosporium, Ulocladium and an unidentified phycomycete. 
Cultures directly from the wall confirmed the presence of Pénicillium and 
Ulocladium and also an Aspergillus and PMzopus sp. Similar studies have 
been done by Solomon (75) and Sosman and Hirsch (76), who obtained 
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Cladosporium Link, Altemaria Nees, Pénicillium Link, Aspergillus fumigatus 
Fresenius and Monilia sitophila (Mont) Saccardo. In their study, the molds 
were more frequent in summer than in winter. Nazypov and Pavlov (61), 
studying the airborne fungi in turkey houses, obtained Pénicillium, Clado­
sporium, Aspergillus, Mucor, Altemaria, Torula Pers, Cephalosporium Corda, 
Oospora, Sporothrix Hektoen and Perkins and Actinomycete. The origin of 
the fungi was feed and litter. Mai lea et al. (54) used a slit sampler to 
study airborne fungi in hospital environments and found Cladosporium spp., 
especially C. cladiosporoides, Pénicillium spp,, Altemaria alternata (Fr. ) 
Keissler and Aspergillus spp. {A. flavus, A. niger and A. fumigatus). 
The foregoing investigations were concerned with the potential of the 
different organisms as health hazards. In this respect, reference has to 
be made to the National Institute of Occupational Safety and Health 
(NIOSH). 
The National Institute of Occupational Safety and Health has carried 
out health hazard evaluations in five large office buildings where hyper­
sensitive pneumonitis (HP) and other respiratory diseases have been al­
leged or reported (65). Although airborne fungi in these investigations 
were low, the study indicates that levels of spores in some of the rooms 
at the time the investigations were made may have been dissipated or af­
fected by temperature, humidity and clean-up activities in occupied spaces 
and filtration by the heating, ventilation and air-conditioning (HVAC) 
systems. This implies that the time at which aerobiological sampling is 
done is critical in attempts to relate disease prevalence to airborne 
levels of microorganisms. 
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With regard to seed germination, not much information has been docu­
mented in literature. In fact, reference to this topic in most germina­
tion texts rarely goes beyond pointing out that contamination may influ­
ence test results and that it may be contained by employing certain hygen-
ic practices. The contaminants are rarely identified beyond the fact that 
they are bacteria or fungi (29). A recent report from Iowa State Seed 
Germination Laboratory (58) documents the adverse effects of Pénicillium 
spp. on grass seed germination tests. The study showed that the fungus 
reduced the germination values by up to 80%. Seeds and potassium nitrate 
used in pretreatment of the blotters did not carry significant amounts of 
inoculum. The building air supply proved to be the major source of inocu­
lum contaminating blotters at the time of test preparation. This study 
may constitute the first report of this kind. 
Conditions for mold growth 
Contamination of air in the interior spaces can be introduced by a 
process within the space, or it can be present in the surrounding air (67). 
Factors which influence the numbers in a much greater degree include local­
ity, cleanliness, age, ventilation, and the amount of disturbance in the 
atmosphere (30). Wolf (83), in a study involving pulmonary aspergillosis 
of several persons who were affected in a laboratory, traced the disorder 
to a massive growth of Aspergillus fumigatus within the air-conditioning 
system. In this laboratory, it was necessary to maintain a rather high 
humidity (65). Therefore, the air conditioner in this laboratory had a 
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large piece of cheese cloth used to prevent intake of large debris into 
the ducts. 
On the other hand, the amount of physical activities can also influ­
ence the amount of spores in the air. Swaeby and Christiansen (77) re­
ported more molds after sweeping than before sweeping, early morning and 
late afternoon. Similarly, Lacey and Lacey (50) reported that, when hay 
in farm buildings was shaken, more spores were released than when the hay 
was not shaken. The over-riding factor in mold growth is humidity. There 
is a minimum value for the relative humidity below which the mold will not 
continue to develop. This value varies with different species. Groom 
and Panisset (32) studied the germination of a common mildew Pénicillium 
chrysogenum Thom. on books. The germination time increased rapidly as 
the temperature and humidity conditions moved away from optimum. 
The germination time can be much longer if the material is irradi­
ated with ultraviolet light. It can also be lengthened if traces of cer­
tain chemicals are not present. Block (13), working on a range of common 
materials, found that fungicides influence the speed of mold growth rather 
than the threshold moisture content at which molds could start to develop. 
One of the products of fungal metabolism is water. Once growth is estab­
lished, then the environmental conditions will have to be drier to desic­
cate and limit the mold than would have been necessary to prevent its on­
set. 
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Elimination of Fungal Contaminants 
In germination tests 
Control of these fungi on substrates or seeds is a major problem to 
seed analysts (44), necessitating special attention in spacing, watering, 
selection of substrates and care of the seeds while in test. All ungermi-
nated seeds that are decayed, moldy, and obviously dead should be removed 
from samples in which saprophytic fungi are a problem at the time the ini­
tial and final counts are made. To further minimize the spread of these 
molds, control of temperature, proper aeration and keeping the substratum 
on the "dry side", yet providing adequate moisture for germination, are 
important. 
Since crowded germinator facilities prohibit wide spacing of seeds as 
a means of isolating saprophytes (22), various chemicals have been studied 
for inhibiting the growth of seed contaminants. Crosier and Stewart (22) 
have reported on the effect of mercury, copper and zinc compounds in elimi­
nating saprophytes in pea seed germination. In their paper, an extensive 
review of literature on other chemicals tested by different workers has 
been presented. It may not be evident, however, that certain chemicals 
are more effective than others in fungus elimination or safer for general 
laboratory technique. Porter (65) has preference for their application as 
dusts. Crosier and Stewart (22) have developed a faster, more economical, 
and safer method for applying any material which can be dissolved or easily 
suspended in water. Recently, Agarwal et al. (1) tested eight different 
chemicals and found Captan to have been the best in checking Aspergillus 
flavus, A. niger and Pénicillium nigricans Bainier on Ajwain {Trachyspermum 
a m m i  L .  ) .  
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In accelerated aging tests 
In accelerated aging tests, Pammenter et al. (63) have reported that 
placing seeds on a negatively charged conductor extended their viability 
during artificial aging. Such cathodic protection may reduce free radical 
attack by providing a source of electrons. Rudrapal and Bassu (72) used 
chlorine and bromine to control deterioration in mustard seed. Their work 
was a follow-up of their earlier work (10, 73) that deteriorative senes­
cence of mustard seed could be slowed down substantially by equilibrating 
the seed with iodine vapor for 12-24 hours before storage under aging 
conditions. Chemical control of fungus-induced aging has not been docu­
mented. 
From the air 
Preventive measures which may be effective in reducing building-as-
sociated microbial contaminants have been discussed (28, 67). Morey (60) 
has listed them in general: (a) prevention of moisture incursion into oc­
cupied space and HVAC system components; (b) elimination of water sprays as 
components of office building HVAC systems; (3) keep relative humidity be­
low 70%: (d) use of filters with a 50-70% rated efficiency; (e) remove 
stagnant water and slimes from building mechanical systems; (f) discard 
microbially damaged office furnishings; (h) initiate a fastidious program 
for HVAC systems, air handling units and fan coil units. 
The methods in current use for air sampling studies and the pertinent 
literature have been reviewed (29). These methods have been used exten­
sively by various workers (48, 50 and 57). In a comprehensive study, 
Sayer et al. (74) recommended the Andersen air sampler to the gravity 
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sedimentation technique. The choice of the method depends on the nature 
and purpose of sampling. Any method, however, for determining the number 
of microorganisms in air must consist of two operations: first, their 
quantitative separation from a measured amount of air; and, second, the 
determination of the number of organisms separated. 
Rationale and Objectives 
In seed laboratory practice, germination is defined as the emergence 
and development from the seed embryo of those essential structures which, 
for the kind of seed in question, are indicative of the seed's capacity to 
produce a normal plant under favorable conditions. The environmental con­
ditions in the laboratory must not only be specific enough to initiate 
growth, but also must be favorable for the development of resultant seed­
lings to a stage where interpretation into normal and abnormal types may 
be made. 
The Rules and Regulations under the Federal Seed Act (6) define germi­
nation as follows: a seed shall be considered to have germinated when it 
has developed Into a normal seedling. Broken seedlings and weak, malformed 
and obviously abnormal seedlings shall not be considered to have germinated. 
Basically, two tests are done. One aims at determining the planting 
value of a seedlot and the other evaluates the vigor and storability of the 
samples. In all these tests, a high relative humidity is maintained. 
Under these circumstances, saprophytic fungi can proliferate. In most 
cases, the fungi originate from a few individual seeds and spread to ad­
jacent ones decomposing radicles and plumules. An accurate reading of the 
tests is difficult when seeds are covered by mycelium. 
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Accelerated aging tests used to estimate vigor and storability of 
seeds have had reproducibility problems in cooperative tests between labo­
ratories. Probability of Aspergillus and Pénicillium spp. often occurs in 
this test. It is known that seed quality during storage can be reduced if 
these fungi invade seeds. Their introduction into accelerated aging tests 
could be a major cause of the inconsistencies that occur within the test. 
The source of the contamination may be the seeds themselves, or the en­
vironment in which the test is conducted. Irrespective of the source 
of contamination, however, they have the potential to introduce factors 
into the tests that seeds do not have to contend with under planting con­
ditions in the field. 
Extensive research has been carried out on the other factors that af­
fect the standardization of germination tests; however, despite the recog­
nition on test contaminants as a problem in seed testing laboratories, 
there has been very little research done on this topic. Seed testing 
methodology could benefit from an investigation to identify major contami­
nants and to assess what adverse effects they may have on laboratory ger­
mination tests. As proposed by McGee (58), it may be possible to take 
corrective action when these problems are identified. This project was 
undertaken: 
1) To investigate the nature and prevalence of common contaminants in 
the air of the laboratory; 
2) To study the effect of these contaminants on laboratory germination 
and accelerated aging tests; 
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3) To study the effect of chemicals in controlling these contaminants. 
This dissertation consists of a general introduction, two separate 
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PART 1. SOURCES, NATURE AND PREVALENCE OF FUNGI 
IN A SEED GERMINATION LABORATORY 
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ABSTRACT 
If afforded reasonable protection and moisture, many microorganisms 
can flourish on nutritionally marginal substrates. These requirements are 
commonly met in homes, offices and other indoor facilities where the most 
commonly found contaminants are Aspergillus spp. (Link) and Pénicillium spp. 
(Link). Due to their ubiquitous nature, much attention has been paid to 
sources related to these fungi. 
The effects of the contaminants in laboratory germination were demon­
strated when species of airborne Pénicillium reduced the germination of Poa 
pratensis by up to 80% in the laboratory where this work was done. This 
first report on the effect of fungal contaminants on laboratory seed germi­
nation prompted further investigations to determine the sources of these 
fungi and to identify and quantify the major contaminants. The Burkard 
spore trap and the Andersen air sampler were used to investigate the air 
spora of the seed germination laboratory for the period December 1981 
through April 1984. Aspergillus flavus was the predominant fungus. A. 
niger and Pénicillium spp. occurred in trace amourits. More spores were re­
leased in the earlier part of the day from 9 a.m. to 1 p.m. during evalua­
tion than in the afternoon from 2 to 5 p.m. during planting. Contamina­
tion was greater during the working days, Monday through Thursday, and 
also in the October-May season when the work load in the laboratory was 
heaviest, than on weekends starting Friday through Sunday, and also in the 
surraner months June to September, when fewer seed samples were tested. 
Seeds coming into the laboratory may have been the primary source of 
these fungi, as most soybean and corn seeds are received in the laboratory 
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and tested in the winter months. Seed germinations remained above 80% 
whenever contamination by Aspergillus flavus) the most prevalent fungus in 
the tests) was below 40% but went significantly down (up to 30%) when con­
tamination was above 80%. Contamination and germination were, thus, high­
ly negatively correlated (r=-0.83). There were no significant differ­
ences among the treatments (tray positions) in a cart with regard to con­
tamination of the tests; however, the variation among the replications 
(carts) was significant. More variation in the levels of contamination 
(above 60%) than among those with contamination levels below 60% was ob­
tained among the replications. 
Airborne contamination at the time the tests were set up and contami­
nation on the routine tests were highly correlated (r = +0.67). It ap­
peared that Kimpak tissues were more favorable for colonization by Asper­
gillus and Rhizopus than the paper towels, and that contamination was more 
in the seed germination laboratory where routine testing involving plant­
ing and evaluation is routinely done than in the seed pathology laboratory. 
However, in the presence of a highly significant interaction among the 
various factors studied (seed x substrate x water x location), no definite 
conclusion regarding main factors could be reached. 
These studies revealed that contamination in this laboratory closely 
followed the activities of the laboratory and that reduction in the amount 
of air contamination was associated with fewer seed samples and reduced 
activity in the laboratory. 
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INTRODUCTION 
Many microorganisms can flourish on nutritonally marginal substrates. 
These requirements are commonly met in most indoor facilities. The most 
commonly found fungi are species of Aspergillus Link, Pénicillium Link, and 
Altemaria Nees, and other molds, as well as different species of bac­
teria (5, 8). 
Fungi in contaminated air have been shown to contaminate microbio­
logical cultures in laboratories (5) and to interfere with detection of 
pathogens on seeds (7). Their potential to interfere with laboratory ger­
mination tests was demonstrated recently (10) when airborne Pénicillium cy-
clopium Nestling and P. purpurogenum Stoll were shown to reduce germina­
tion tests of Poa pratensis by up to 80% in the laboratory where these 
studies were done. This constitutes the only reference that directly re­
lates airborne contamination to germination tests in the laboratory. Other 
studies (7, 13, 16, 20) refer to the fact that the contaminants interfere 
with germination tests and rarely identify them beyond the fact that they 
are fungi or bacteria. It is also clear that the seed Itself may be an 
important inoculum source (14). Since the potential of fungi to interfere 
with germination tests has been established on grass seed (10), this study 
was designed to investigate in detail the kinds of fungi present in a mod­
ern seed testing facility that primarily tests corn and soybean seeds. 
Particular emphasis will be laid on the sources of these contaminants and 
how they relate to seasonal and daily activities in the laboratory. 
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MATERIALS AND METHODS 
Air Sampling Studies 
The study was carried out in the germination laboratory of the Seed 
Science Center, Iowa State University. This laboratory tests 30,000 sam­
ples of seeds in a year with soybean and corn seeds predominating. Ger­
mination tests are performed on Kimpak tissues, and tests are prepared and 
evaluated in the same room. 
To determine the contaminants present in the air of this laboratory, 
air was sampled through a Burkard (Burkard Manufacturing Co.) spore trap 
that was set up in a corner in the main germination laboratory. This in­
strument impacts spores on a sticky tape. The tape was mounted on a slow­
ly revolving drum so spores can be collected continuously for 7 days. At 
the end of the 7-day period, the tapes were mounted on microscope slides 
for examination with one 24-hour period represented on one slide. The 
trap was run continuously from December, 1981, through April, 1984. To 
count spores, four areas were examined for each hour on the tape. The 
different areas constituted a replicate. The number of the spores in an 
area was visually estimated as 0, 10,000, 20,000, 30,000, 40,000 or 50,000 
depending on spore intensity. Those were averaged for each hour. Of in­
terest in this experiment were the differences in spore counts for hours 
of the day, day of the week and months of the year. To study these dif­
ferences, a completely randomized experimental design was used with hours, 
days and months as the main treatment effects. Therefore, a single hour 
on a given day constituted a treatment in the hourly analysis, while a 
single day constituted a treatment for the daily analysis, and a single 
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month was a treatment for monthly or seasonal variation. The experiment 
was repeated in time for 3 years. A single analysis of variance (ANOVA) 
procedure was used to determine the differences among the treatments. 
Qualitative estimates of fungi in the laboratory were obtained by 
periodic sampling with an Andersen air sampler (2), in which fungi are 
identified after colonies develop on Potato Dextrose Agar in the culture 
plates especially designed for use with this sampler. The instrument was 
placed on a trolley in the germination laboratory and run for 5 minutes. 
The sampling times used were 9 a.m., 11 a.m., 3 p.m. and 5 p.m. for 5 mins 
on Sunday, Monday, Tuesday, Thursday, and Friday, for a period of 4 months, 
February-June, 1983. Plates were incubated in an incubator at 25C for 3-4 
days before all colonies could be distinguished. The total number of 
spores per minute was calculated by summing the colonies obtained on all 
six stages of the sampler and dividing the number by the sampling time (5 
mins). The number of spores per hour was then obtained by multiplying the 
number of spores obtained per minute by 60. The number of spores for the 
day was the sum of the colonies obtained at the various sampling periods 
divided by the number of periods for the day. These numbers were then 
summed and divided by the total number of days sampling was done in a par­
ticular month to obtain the mean for that month. Thus, hours, days, and 
months were the main treatment effects. The differences in the treatments 
were determined using the Analysis of Variance (ANOVA) procedures. 
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Patterns of Contamination in Routine Germination Tests 
A survey was carried out of routine soybean seed samples for contami­
nation to determine the levels of contamination of Aspergillus flavus, A. 
niger and Pénicillium, the fungi shown to be most prevalent in the previous 
experiment. Soybean germination tests at Iowa State University are made on 
absorbent paper tissues (Kimpak, manufactured for packing material by Kim­
berly-Clark Corporation, Neenah, WI). These are laid on 18"x24" trays and 
moistened with water. Four replicates of 100 seeds are then planted on 
the surface of the Kimpak. Trays are then placed uncovered in movable ger­
mination carts (carts are similar to those used in food service). Normal­
ly, 13 trays are placed in each cart. Incubation is done in room chambers 
maintained at 28C for 7 days. Two carts per day were randomly selected 
and completed tests were examined for the presence of Aspergillus flavus, A. 
niger. Pénicillium and Rhizopus. This was done twice per week for a total 
of 23 weeks. The sampling dates were Spring 1983, Fall 1983, and Spring 
1984. The degree of contamination was scored using different ratings 
(levels). These were 0-20, 20-40, 40-60, 60-80 and 80-100% of the sub­
strate, seeds and seedlings covered by fungi in general (Figure la-lf). 
Of interest in these ratings was the percent germination and the level of 
contamination within and among the carts. The germination data measured 
according to the Rules of the Association of Seed Analysts (AOSA) (1), was 
done and obtained from the analysts who do their evaluations in accordance 
with the AOSA rules. The differences in the germinations were analyzed us­
ing the different levels of contamination ratings as the treatments. A cor­
relation relating germination and contamination was performed using the 
Figure 1. Different degrees of contamination found in association with 
















General Linear (GLM) procedures. An analysis to determine the within and 
among cart variation used the different positions (1-13) in which the trays 
are placed within a cart as the main treatments. The carts served as the 
replications. The experiment was, therefore, designed and analyzed using 
the Analysis of Variance (ANOVA) procedures as in a completely randomized 
block design (CRBD) with the replications as the blocks. To determine the 
differences in the distribution of the contaminants among the treatments 
(tray positions), averages of the amount of contamination in each tray in a 
cart were taken separately for each position. These averages were compared 
using the standard deviation(s) and standard error of a mean (SEM) for each 
average. The experiment was run in Spring and Fall 1983, and again in 
Spring 1984, the peak period for soybean seed evaluation. A correlation 
between the average contamination in a cart and the extent of airborne con­
tamination as observed on the Burkard spore trap on the same day the tests 
were prepared was established using the General Linear (GLM) procedures. 
Sources of Contamination 
Potential sources of fungal contamination are seed, substrates, water 
and location at which the tests are prepared. To determine whether the 
seed, substrates, water, and location where the tests were prepared car­
ried significant levels of inoculum, these were compared in an experiment 
in which the Kimpak tissues and the rolled paper towels were used as the 
substrates. These were sterilized at 15 ps, and 121C for 15 min, or un-
sterilized. In the same way, samples of distilled sterile water were pre­
pared by autoclaving at 15 ps 121C for 15 min or not sterilizing. Seeds 
used in this study were 'Amsoy 71' from Sansgaard Seeds (Sansgaard Seed, 
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RR 1, Story City, lA 50248). Samples of 250 gm were surface sterilized in 
a solution of household bleach (5.25 NaOCl) plus a drop of liquid Ivory 
Soap (a detergent) for 2-5 min and rinsed several times in distilled ster­
ile water (6) or they were left undisinfected. Such sterilized seeds were 
dried at 25C until the original moisture content of 11.5% was attained. 
Moisture determinations were made on a Motomco Moisture Meter (Model No. 919, 
patented 1955, Canada, Serial No. D424). The seed pathology laboratory and 
the germination laboratory served as the two locations. The experiment was 
set as for routine germination with 4 replicates of 100 seeds on a tray. 
Two Kimpak tissues were placed on trays and moistened with 800 ml of water. 
Then, four replicates of 100 seeds were hand-planted. Three replications 
were maintained for each treatment. A treatment in this experiment con­
sisted of a tray of sterile/nonsterile substrate moistened with sterile/ 
nonsterile water and planted with disinfected/nondis infected seeds. The 
16 sets of treatments were prepared both in the seed pathology and the ger­
mination laboratory (which served as the locations). The same treatments 
were prepared in paper towels. To wet them, paper towels were dipped in 
water and drained by inserting dry towels between every three wet towels 
in one group. Fifty seeds were planted per towel. Treatments performed in 
towels were placed in buckets and covered with polyethylene bags, held in 
place with a rubber band. Incubation was in carts in rooms located in the 
germination laboratory and maintained at 28C. The layout of the experi­
ment was a completely randomized block design in which the two locations 
were the blocks. The various treatments were completely randomized in the 
blocks. Both seed germination and the degree of colonization of substrates 
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by Aspergillus flavus, A. niger. Pénicillium and Rhizopus were measured on a 
scale of 0-100% by counting the total area of seeds, seedlings and sub­
strate colonized by a particular fungus. The germination was evaluated ac­
cording to AOSA (2) by counting the normal, abnormal and dead seeds. The 
results on the degree of contamination are presented. What was important 
was to determine whether any of the contaminating fungi were more in one 
location than the other and also to determine the effect of water, seed 
and substrate in such contamination. The effect of the factors studied, 
location, water, substrates and seeds were analyzed as in a completely ran­
domized design using Analysis of Variance (ANOVA) procedures. 
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RESULTS 
Air Sampling Studies 
The Burkard air-sampling data (Figure 2) on an hourly basis indicate 
a steep rise in spore load between 8 a.m. and 11 a.m., then a gradual drop 
over the period from 11 a.m. to 6 a.m. On a weekly basis, higher amounts 
of spores were obtained during the working days, particularly Tuesday 
through Thursday, rather than Saturday and Sunday (Figure 3). The monthly 
variation (Figure 4) showed significantly more spores in the October-May 
season (Fall through Spring) than in the June-September season (Summer). 
Statistical analyses of these data are presented in Table Al.O (Appendix 
A). Significant differences were observed in the three years sampled 
(Tables 1.1 and 1.2, Appendix A). 
Hourly, daily and monthly sampling with the Andersen air sampler (Ta­
bles 1-3) revealed higher amounts of Aspergillus flavus than either A. niger 
or Pénicillium spp. The highest numbers were obtained at 9 a.m. and 11 a.m. 
From 3 p.m. to 5 p.m., the spore load had significantly dropped. More 
spores were obtained on Mondays, The spore loads on Tuesdays, Thursdays 
and Fridays were also high and were statistically the same for these three 
days. However, the spore load on Sundays was significantly low. There 
were more spores in March-April than in May-June. These data give a pat­
tern in spore variation with time similar to the one observed in the Burk-
hard spore trap above. The statistical analyses for these data are pre­

















LSD = 900 
V 1—i M " J M ° 1 M ' à 
Hours 




















LSD = 450 
J J J J J J MON TUE WEI THUR 
Day 
FR SA SU 
















Figure 4. Average number of airborne spores (seasonal variation) 
(averaged over 3 years) 
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Table 1. Andersen air sampling data, hourly variation in spore load of 
Aspergillus flavus, A. niger and Pénicillium sp. 
Number of spores (cfu/hour) 
Time A. flavus A. niger Pénicillium sp. 
9 a.m. 7,405.2 2.4 3.0 
11 a.m. 15,064.8 786.0 144.0 
3 p.m. 6,441.6 90.0 252.0 
5 p.m. 3,747.6 0.0 192.0 
LSD 2,250 513.6 79.8 
Table 2. Daily variation in spore load - Andersen air sampling data of 
Aspergillus flavus, A. niger and Pénicillium sp. 
Number of spores (cfu/day) 
Day A. flavus A. niger Pénicillium sp. 
Sunday 1,100.4 209.4 41.4 
Monday 9,557.00 322.8 47.4 
Tuesday 9,159.6 195.0 60.0 
Thursday 8,623.2 1,506.6 79.8 
Friday 8,515.2 481.8 45.0 
LSD 5,301 1,209.6 148.8 
Table 3. Andersen air sampling data - variation from month to month in 
number of spores (cfu) of A. flavus, A. niger and Pénicillium sp. 
Number of spores (cfu/month) 
Month A. flavus A. niger Pénicillium sp. 
March 11,103.6 438 52.8 
April 9,406.8 687 81.6 
May 6,805.2 542.4 29.4 
June 3,865.2 504.6 54.0 
LSD 3,415.2 778.2 120.0 
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Patterns of Contamination in Routine Germination Tests 
A total of 1,287 soybean germination tests were surveyed in a period 
of 23 weeks. Out of these, germination was obtained on 507 samples. 
Aspergillus flavus was the major contaminant in the test. When contamina­
tion was below 40%, the highest germinations (above 80%) were obtained 
(Figure 5). The germination of tests with contamination levels above 40% 
were comparatively low; in fact, the germination was 32% when contamination 
reached 80% and above (Figure 5). Thus, germination and contamination of 
507 samples were highly significantly correlated (r=-0.83). The statis­
tical analyses of these data are presented in Table A6 (Appendix A). The 
level of contamination was not influenced by the position of the tray in 
the cart (Table 4). However, there was a significant variation of contami­
nation among the carts (replications) (Table 4). The average contamination 
obtained for a tray at particular positions and their standard error of a 
mean (SEM) are presented in Table 5. There were no significant differ­
ences among the standard errors of each mean (SEM) values for all 13 trays 
in a cart (Table 5). The nature of contamination between trays within a 
cart is presented in Figure 6 in which numbers of carts with standard er­
rors of a mean (SEM) in particular ranges are presented. Below the SEM 
values, the average mean obtained in each class of SEM are presented. 
These data indicate maximum variability occurring among the carts with the 
highest SEM. 
When the average contamination across all trays in a cart in the tests 
was plotted against the numbers of spores measured from air by the Burkard 
spore trap on the day the test was set up, a high positive correlation 
(r = +0.67) was obtained (Figure 7). 
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Figure 5. Correlation between germination (normal seedlings) and contami­
nation levels in routine soybean seed samples 
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Table 4. Analysis of variance procedure to show the within and among cart 
variation with regard to contamination 
Source df SS MS F value 
Model 110 422.91 3.84 6-04*** 
Cart 98 414.48 4.23 6.65*** 
Tray positions 12 8.43 0.70 1.10 NS® 
Error 1176 748.03 0.64 
Corrected total 1286 1170.94 0.91 
^NS = not significant. 
***Significant at the P > 0.001 level. 
Table 5. Average contamination of Aspergillus flavus in a tray within a 
cart 
Tray Average SEM 
position contamination (not significant) 
( A .  f l a v u s )  
1 2.34 0.12 
2 2.25 0.09 
3 2.27 0.09 
4 2.37 0.10 
5 2.21 0.08 
6 2.17 0.09 
7 2.38 0.12 
8 2.25 0.11 
9 2.12 0.17 
10 2.21 0.09 
11 2.25 0.10 
12 2.12 0.08 
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Figure 6. Pattern of inoculum distribution in routine test samples; 
numbers within brackets represent the mean of each SEM range 
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Sources of Contamination 
The amounts of Aspergillus flavus, Rhizopus sp., Aspergillus niger and 
Pénicillium sp. obtained in the various treatments are presented separately 
for Kimpak (Table 6) and paper towels (Table 7), although the statistical 
analysis was carried out over both substrates. Both tables indicate that 
A. flavus and Rhizopus were the most prevalent fungi found, with A. niger 
and Pénicillium spp. occurring infrequently. 
More contamination was observed in treatments in which the seed was 
disinfected than in those in which the seed was not disinfected (Tables 6 
and 7). No significant differences were observed in the levels of Rhizo­
pus spp. between the seed germination laboratory and the seed pathology 
laboratory (Table A6, Tables 6 and 7). Although levels of A. flavus and A. 
niger appear significantly higher in the germination than in the seed 
pathology laboratory (Tables 6, 7, A8 and A9), no definite conclusions re­
garding main factors can be stated due to the highly significant factorial 
interactions (Tables A8 and A9), and also due to the fact that disinfec­
tion of seeds using sodium hypochlorite solution may in itself have en­
hanced fungal growth. Similarly, for Pénicillium spp. (Tables 6 and 7), 
which appears to be significantly higher in the seed pathology than in the 
germination laboratory (Tables 6 and 7), a significant factorial interac­
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Table 6. Amounts fungi obtained in the various treatments for Kimpak 
by location 
Substrate Colonization 
(Kimpak) Rhizopus A. flavus A. niger Pénicillium 
Seed germination laboratory 
S S 51.70 14,33 3.00 1.67 
S NS 100.00 90.00 90.00 1.67 
NS S 83.00 71.67 4.00 1.30 
NS NS 71.65 70.00 0.65 0.00 
S S 4.70 2.00 2.00 1.30 
NS 1.70 13.00 1.67 0.67 
NS S 1.30 1.30 4.67 0.00 
NS 1.67 3.00 0.67 0.00 
Seed pathology laboratory 
S s S 11.65 41.67 0.65 0.00 
NS 100.00 91.67 2.30 0.00 
NS S 50.00 51.67 0.30 0.00 
NS 63.00 30.00 3.00 0.30 
NS s S 1.65 2.00 0.00 0.00 
NS 3.00 13.00 0.00 0.00 
NS S 3.00 0.65 0.00 0.00 







 7.70 5.51 2.40 0.56 
®S = sterile. 
^NS = not sterile. 
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Table 7. Amounts of fungi obtained in the various treatments for paper 
towels by location 
is: % Colonization A. flavus A, niger Pénicillium 
Germination laboratory 
S® S S 3.00 4.00 0.67 1.30 
NS^ 70.00 40.00 33.30 0.00 
NS S 5.00 73.30 8.67 0.00 
NS 18.70 1.33 0.00 1.30 
NS S S 0.00 0.67 1.00 0.30 
NS 0.00 1.00 0.67 0.00 
NS S 0.67 0.00 0.67 0.00 
NS 0.67 0.33 0.33 0.00 
Seed pathology laboratory 
S S S 31.67 10.00 10.00 0.00 
NS 2.00 0.00 0.00 0.00 
NS S 13.30 14.67 0.67 1.30 
NS 0.00 0.00 10.00 0.00 
NS S S 6.00 4.30 2.00 0.30 
NS 45.00 1.00 4.00 0.00 
NS S 5.30 0.30 0.65 0.00 
NS 0.00 0.00 0.00 0.00 
LSD (t=0.05) 7.70 5.51 2.40 0.56 
S = Sterile, 
NS = Not sterile. 
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DISCUSSION 
There were more spores obtained in the October-May season than in the 
June-September season. This seasonal pattern follows very closely the ac­
tivities of the laboratory. In the October-May season, most of the 33,000 
seed samples per year tested in the laboratory are received. Although 
these samples cover a broad spectrum of seed types, corn and soybeans are 
the predominant ones. Similarly, more spores were obtained during the 
working days, particularly Tuesday through Friday, than Saturday and Sun­
day (weekends). The hourly data revealed more spores in the earlier part 
of the day, 9 a.m.-l p.m., when most of the analysts were evaluating, than 
in the afternoon when most analysts were planting. There were no spores at 
night from 7 p.m. to 5 a.m. in the morning. We may, therefore, conclude 
that the spores in the air of the laboratory are released from completed 
tests and tests undergoing evaluation and probably also from dust during 
sweeping of the laboratory, which is done about the same time as the eval­
uation. Solomon (17) feels that the influx of particles in a structure re­
flects its overall regimen of ventilation, volume of traffic and pattern 
of exterior air flow and, hence, summarizes the cause for the above-men-
tioned observation. In our study, significantly low mold occurrence was 
associated with reduced activity and fewer seed samples in the laboratory. 
Therefore, these data confirm findings (7, 10, 13, 16, 20) that increased 
physical activity could influence levels of contamination in any system. 
Our results also support the observation that contaminants could originate 
from seed (20) or from air (5, 11, 12, 15, 17, 18, 19). 
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There was a significant correlation (r=+0.68) between contamination 
levels in the air as observed on the Burkard spore trap and contamination 
on the tests. This indicates that high levels of contamination on the 
test samples would highly influence the levels of contamination in the 
air. The reverse is also true. However, given that there was no signifi­
cant tray position effect and the significant variation in levels of con­
tamination at high levels of contamination (above 60%), it is possible to 
conclude that seed was the primary source of inoculum and that this inocu­
lum is released into the air in the early part of the day (8-11 a.m.) dur­
ing test evaluation. 
More A. flavus was observed in routine test samples than either A. 
niger or Pénicillium spp. Also, recovery from air using the Burkard spore 
trap and Andersen air sampler indicated more A. flavus during the soybean 
testing period (winter months) than in surraner, indicating that the incom­
ing soybean seeds could be the original source of this fungus. 
Although it appears that there was more A. flavus and A. niger in the 
seed germination than in the seed pathology laboratory and more Pénicillium 
spp. in the seed pathology than in the seed germination laboratory, but no 
significant differences in the levels of P.hizopus sp. in the two loca­
tions, the high significant factorial interaction prevented any conclusive 
comments regarding the effect of the main factors as sources of these 
fungi. 
Earlier reports (14) indicate that A. flavus could be seedborne and 
that it reduces seed viability in storage (6). A seedlot that is brought 
into the laboratory already infected may provide a readily available inocu­
lum source for air contamination. Aspergillus niger and Pénicillium were 
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not recorded in the tests. Subsequently, recovery from air of these two 
fungi was very minimal. When present. Pénicillium spp. has been shown to 
cause disease in soybeans (9). Aspergillus niger was shown to reduce ger­
mination tests of soybean (McGee and Knapp, Dept. of Plant Pathology, Seed 
and Weed Science, Iowa State University, Ames, lA, personal communication). 
The irregularity and changes in the pattern of fungi observed makes 
it difficult to associate any one contaminant with any one laboratory at 
any one time. The direct relationship between the levels of contamina­
tion observed in the air of the laboratory and the germination tests re­
quires investigation. This calls for more studies for several years in 
several laboratories working on different seeds at different times of the 
year for any conclusive comments to be reached. 
In summary, it appears that A. flavus was the most prevalent fungus 
in the air of the seed laboratory at Iowa State University in the period 
sampled. Completed tests may be the major source of this fungus in this 
laboratory. Contamination increased with increased physical activity. 
The levels of contamination observed in the air highly correlated with the 
levels of spores in the air (r = 0,68); however, given the varietal and 
vigor level differences of the routine seed samples coming into the labo­
ratory, this correlation is not concrete evidence that the fungi cause 
reduced germinations. More data on the direct effect of airborne inoculum 
on test results appear necessary. 
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PART 2. EFFECT OF CONTAMINATING FUNGI IN GERMINATION 
TESTS OF CORN AND SOYBEANS AND IN ACCELERATED 
AGING TESTS OF SOYBEANS 
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ABSTRACT 
Literature on the microbial contamination of the laboratory germina­
tion tests indicates that the most common of the contaminants include spe­
cies of Rhizopus, Cladosporium, Alternaria, Aspergillus, and Pénicillium. 
Besides causing seed-rot, cotyledonary and plumule infection, and nonemerg-
ence of the cotyledons, their presence causes abnormal seedling develop­
ment and obscures parts of the seedlings. This results in misinterpreta­
tion of seedlings leading to inconsistency of results. 
Knowledge regarding their effects is limited to studies made in labo­
ratory culture plates/nutrient media. Nothing is known about their ef­
fects in sand, kimpak, or paper towels (substrates) that are used in rou­
tine germination. Their effect on seed aging and deterioration has been 
studied in as far as they affect the seed in storage. Also, no studies 
have been done to elucidate their effect as contaminants in routine ac­
celerated aging tests, a test used for evaluating the storage potential of 
seeds. Several fungicides, including Captan, have been used to eliminate 
the fungi in routine germination tests. However, there has been no at­
tempt to control them in accelerated aging tests. 
This paper evaluates the effect of fungal contaminants Aspergillus 
flavus, A. niger, Rhizopus sp- and Pénicillium oxalicum on the germination of 
corn and soybean seeds, their effect in accelerated aging test of soybean 
seeds and the effect of a fungicide and an antibiotic to control them in 
these tests. The fungi were isolated from air. Inoculum at the rate of 
23x10® spores/ml was applied by spraying germination tests of corn and 
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soybeans in Kimpak, rolled paper towels (paper substrates) and Kimpak plus 
sand (sand) tests. The fungi did not affect the germination of corn. 
However, in paper substrates. Pénicillium oxalicum reduced the germination 
of soybean seeds by over 60% and increased the number of atypical (abnor­
mal) seedlings with stumpy or stubbed roots, while Aspergillus flavus 
caused a 22% reduction and A. niger reduced the germination by 27%, respec­
tively, and increased the numbers of seedlings with decayed cotyledons. 
The effects of the fungi were consistent, and were more pronounced when 
the seed lot was low in quality as may occur from mechanical damage or ag­
ing. In fact, the effect of Pénicillium oxalicum nearly doubled in these 
seedlots. Except when the seeds were of low quality, germinations in sand 
were not affected. 
Several malformations were noted among the atypical seedlings. Of 
these, malformations such as seedlings with root fasciation, stubbed/ 
stumpy roots, looped hypocotyls, necrotic or glassy roots/hypocotyls, 
split hypocotyls, decayed cotyledons, thick hypocotyls, that are commonly 
encountered in the Kimpak tissues and rolled paper towels and negatively 
geotropic seedlings that are frequent in sand (defined as atypical seed­
lings in this study) were recognized as abnormal seedlings according to 
the Rules of the American Association of Official Seed Analysts (AOSA). It 
was observed that A. flavus and A. niger increased seedlings with decayed 
cotyledons, A. niger increased those with glassy roots (hypocotyls), and 
Pénicillium oxalicum increased those with stubbed/stumpy roots. There were 
other malformations, such as reduced root surface area and lack of secon­
dary roots, which were also associated with Pénicillium oxalicum but which 
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could also be substrate induced; these seedlings were associated with a 
high potential for misinterpretation, particularly by analysts who are not 
experienced with the particular substrate. 
Aspergillus flavus, A. niger and Rhizopus sp. were most pathogenic in 
accelerated aging tests. At 41C and 100% relative humidity for 72 hours, 
the emergence of tests inoculated with these fungi was reduced by up to 
70%, respectively, Captan (N-trichloromethyl-thio-4-cyclohexene-l,2-dicar-
boximide), a fungicide, significantly improved the emergence of such tests 
by 100%. Pénicillium oxalicum reduced these tests by 50%; in the presence 
of Captan, the emergence was improved by 35%. Nystatin (Mycostatin) an 
antifungal antibiotic, had slight effect on A. flavus, but significantly 
improved by 100% the emergence of tests inoculated with A. niger and 




One of the most important functions of a seed germination laboratory 
is to determine as accurately as possible the planting value of a given 
seedlot (15). Basically, two kinds of tests are done: the germination 
test, which provides the most optimum conditions for germination, remains 
the principal and accepted criterion for seed viability; the other tests 
are the stress tests, in which tests are conducted to simulate certain 
stresses the seed may encounter in the field. Tests are performed on Kim-
pa k on asbestos trays, in sand or on rolled paper towels and germinated 
at 25-28C for periods varying from 7 days or more. Conditions in both 
types of tests favor the growth of profuse types of fungi. Such fungi 
have the potential to obscure seedlings leading to incorrect evaluations 
and uncertain results. This, in turn, could create inconsistency in the 
predictions of field performance of seedlots by various laboratories. 
Microbial contamination on seeds has been reported from several labo­
ratories (23). Crosier and Stewart (18) have indicated that an accurate 
germination of peas may largely depend upon freedom from microorganic con­
taminants than upon any other environmental factor. Hay (27) found that 
molds of the genera Cladosporium Link, Rhizopus Ehren., and Alternaria 
Nees frequently infested laboratory tests of the great Northern beans, 
causing reduced germinations. Rati and Ramalingam (44) reported that A. 
flavus Link affected groundnut and other tropical crops in four different 
ways; seed rot, nonemergence of cotyledons, cotyledonary infection and 
plumule infection. Their study was done in the laboratory using culture 
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media in culture plates. Infection and abundant sporulation were recorded 
in bean {Phaseolus sp. L.), cotton (Gossypium sp. L.), groundnut {Arachis 
hypogea L,), pea {Pisum sativum L.), and Tamarindus indica L. (44). The 
conditions may be aggravated by potassium nitrate (KNO3), the most widely 
used chemical for promoting seed germination (33). Higher incidences of 
fungal contamination have been reported (2, 8, 12, 33) when 0.2% KNOg was 
used to moisten blotters for germination work than when 0.1% or water 
alone was used. 
The sources of contamination may be the substrates (2), the seeds (2, 
40) or the air (33). Investigation of substrates as sources of inoculum 
was accomplished by Andersen (2), who found that unopened blotters were 
medium in supporting the growth of fungi, while sterile blotters had the 
least amount of fungi. Air as a source of contamination has been investi­
gated widely in offices and other interior spaces (Morey, 37), the major 
contaminants being Aspergillus and Pénicillium spp. McGee et al. (35) have 
indicated that Aspergillus flavus was seedborne in soybean seeds. Irre­
spective of the source of contamination, these fungi have the potential 
to introduce factors into the laboratory that seeds do not have to contend 
with in the field. 
The standard germination test is conducted under optimum conditions 
for seed germination. Similar to the germination test, the vigor tests, 
such as the accelerated aging tests used to assess the storability of 
seeds, are particularly prone to fungal contamination. Seeds are stressed 
at 40-45C and nearly 100% relative humidity for varying lengths of time 
(22), and seed germination is the criterion for evaluation. The basis for 
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this test is that high vigor seeds tolerate the high temperature and high 
humidity treatments and, thus, produce normal seedlings in the germina­
tion test. The test was developed by Delouche (22) for predicting the 
relative storability of seeds. Fungal growth in these tests is common 
but is usually overlooked (24). In the presence of fungi, deterioration 
of seeds may be significantly increased (24). 
Since crowded germinator facilities may prohibit wide spacing of 
seeds as a means of isolating saprophytes (17), various chemicals have 
been studied (8, 11, 13, 16, 17, 18, 20, 27) to inhibit the growth of 
seed contaminants. Crosier and Stewart (17, 18, 19) have reported on the 
effect of mercury, copper and zinc compounds in eliminating saprophytes 
in pea seed germination and give an extensive review of literature on 
other chemicals tested by different workers. Recently, Agarwal et al. (1) 
tested eight different chemicals in the laboratory and found Captan to 
have been the best in checking Aspergillus flavus, A. niger and Pénicillium 
nigricans Bainier on Ajwain {Trachspermum ammi L.). Control of fungus-
induced aging has not been documented. 
Extensive research has been carried out on other factors that affect 
standardization of laboratory germination tests; however, despite recogni­
tion of test contaminants as a problem in seed testing laboratories, there 
has been very little research done on this topic. Seed testing methodol­
ogy would benefit from an investigation to identify the major contaminants 
and to investigate what adverse effects, if any, they have on laboratory 
germination tests. This study was, therefore, designed to test the patho­
genicity of major fungal contaminants A. flavus, A. niger, Pénicillium sp. 
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and Rhizopus sp., identified in the first section of this study as common 
contaminants of soybean germination tests, to study their effect in rela­
tion to seed quality and to investigate the possible control measures. 
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MATERIALS AND METHODS 
Effect of Fungi to Warm Germination Tests 
of Corn and Soybeans 
The pathogenicity to corn and soybeans of Aspergillus flavus, A. niger, 
Rhizopus sp. and Pénicillium sp. was tested. 
Materials and equipment 
Seeds used throughout this study were 'Amsoy 71' soybean seeds from 
Sansgaard seeds (Sansgaard Seeds, RR 1, Story City, lA 50248). The seeds 
were harvested in 1981, 1982 and 1983. The standard laboratory germination 
was 95%, 92% and 89%, respectively, when the seeds were received. Seed 
corn used was H99xH95, with an initial laboratory germination of 98%. Fun­
gal isolates of A. flavus, A. niger, Rhizopus sp. and Pénicillium oxalicum 
were obtained from the air in the seed germination laboratory as described 
in Section 1 of these studies. The substrate, Kimpak (17-ply k22 18x24 in., 
Kimberly-Clark Corp., Neenah, WI), paper towels (12x24 in. regular weight. 
Anchor Paper Co., Saint Paul, MN 55165) and sand (San' Box washed clean 
dirty-free Demco sand, Demco Inc., Omaha, NE 68107), were obtained from 
the germination laboratory of Iowa State University. 
General procedures used in germination studies 
Germination tests of corn and soybean (Amsoy 71) were prepared as for 
routine germination (3) in Kimpak, rolled paper towels (RPT) and sand, as 
follows. The basic method consisted of planting seeds on absorbent paper 
tisues (Kimpak tissues). Two layers of Kimpak were laid on 18"x24" trays 
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and moistened with an automatically regulated 800 ml water. Four repli­
cates of 100 seeds were then planted on the surface of the Kimpak on a 
tray. Trays were placed uncovered in movable carts (similar to those used 
in the food service). In routine germination, a cart can take up to 13 
trays. The procedure for sand was basically the same as described for the 
Kimpak; however, the only difference was that the tests were covered with 
sand before placing in the carts. The paper towel test consisted of plant­
ing 50 seeds on the towels, rolling the towels, and holding the seeds in 
place using a rubber band. The towels were placed in plastic buckets 
which were covered with polyethylene bags before placing them in the 
carts. These procedures were used for all the experiments in this study. 
Inoculation procedures and experimental design 
Tests of corn and soybean seeds harvested in 1982 were planted as de­
scribed above in Kimpak, paper towels and sand. A replicate in Kimpak 
or sand consisted of a single tray with 400 seeds, while, in paper towels, 
this consisted of a single towel with 50 seeds. Four replicates were 
maintained per fungus treatment. This gave 20 experimental units per sub­
strate, or a total of 60 experimental units in all substrates (Kimpak, 
paper towels and sand). The experiment was blocked by substrate over time. 
In paper towels, the treatments were completely randomized in buckets; a 
total of 4 buckets were used. The experimental units were completely ran­
domized in the carts, so that each cart had a complete set of 5 treatments 
(/I flavus, A. niger, Pénicillium sp., Rhizopus sp., and a control) in Kim­
pak, sand and paper towels. A block consisted of 4 carts. After plant­
ing, the inoculum of the different fungi in distilled sterile water plus 
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a drop of Ivory detergent at the concentration of 23x10® (34) was sprayed 
using plastic spray bottles onto the seeds in all the substrates with 25 
ml solution per replicate. Then, the seeds were incubated. Incubation 
was at 25C 3 h light 3 h dark for 7 days. Evalution was done according to 
AOSA (4) rules for testing seeds. These procedures were repeated to test 
the differences in the effect of the fungi on treated and untreated corn. 
The effect of the treatments and the substrates on germination was 
analyzed by analysis of variance procedures (ANOVA). Any seedling that de­
viated from being classified as normal was counted as an 'atypical' seed-
1 ing. 
The atypical soybean seedings found in this experiment were classed 
according to the malformations on the seedlings. These were: 
1) Fasciation of roots; 
2) Stubbed or stumpy roots; 
3) Looped hypocotyls; 
4) Decayed or glassy roots; 
5) Split hypocotyls; 
6) Decayed cotyledons; 
7) Thick hypocotyls; 
8) Insufficient roots; 
9) Lack of secondary roots; 
10) Negatively geotropic seedlings. 
The various malformations are illustrated in the photographs in Figure 
la-Ik, Percent seedlings in each class were counted. Of particular in­
terest was the association of particular malformations (classes) with 
various fungi. 
In order to determine the potential for the various classes of atypi­
cal soybean seedlings to be interpreted as abnormal according to AOSA 
Figure 1. Types of atypical developments in soybean seed germination 
tests in the laboratory 
a. Root fasciation 
b. Stubbed or stumpy roots 
c. Looped hypocotyls 
d. Necrotic and/or glassy hypocotyls 
e. Split hypocotyl 
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Figure 1. (Continued) 
f. Decayed cotyledons 
g. Thick hypocotyls 
h. Severe reduction in root surface area 
i. Complete inhibition of secondary roots 
j. Negatively geotropic seedlings 
k. Normal seedling 
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rules, referee experiments were set up in cooperation with analysts at 
Iowa State University seed testing laboratory. In the first experiment, 
single seedlings representative of each of the described classes and three 
normals were taken from the above experiment. Three trained analysts then 
examined and indicated whether or not the seedlings were normal or abnor­
mal. The analysts did not know the substrates in which the seeds were 
tested. The second experiment was prepared as follows. Tests of soybean 
'Amsoy 71' harvested in 1983 were prepared in Kimpak, paper towels and 
sand, as described for the warm germination test (4). A replicate in this 
experiment, however, consisted of 100 seeds. Therefore, a tray of 400 
seeds represented a fungus treatment in Kimpak and sand, while in paper 
towel s 8 towel tests constituted a treatment. The method of inoculation 
was as described above. There were four replicates per treatment, which 
gave a total of 20 treatment combinations each in Kimpak and sand. These 
were completely randomized in the carts, so that each cart had a complete 
set of 5 treatments [A. flavus, A. niger, Rhizopus sp.. Pénicillium oxali-
cum, and a control), each set represented in Kimpak and in sand. In paper 
towels, however, the 160 experimental units were completely randomized in 
20 buckets (8 towels/bucket) and incubated in one cart. Incubation was 
done in the same way as for experiment 1 above. At the end of incubation, 
3 analysts from the seed germination section of the Iowa State University 
seed testing laboratory and the senior author evaluated the tests. The 
evaluation was done on a special form. The form had columns for normal, 
mechanical damage, questionable mechanical damage, diseased, questionable 
diseased, and dead seeds (provided by Dr. A. Knapp, Director, Seed Testing 
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Laboratory, Dept. of Plant Pathology, Seed and Weed Science, Iowa State 
University, Ames, lA). The columns mechanical, questionable mechanical 
damage, diseased and questionable diseased collectively formed the "abnor­
mal" column. At the end of the evaluation, I examined the seedlings placed 
under the various abnormal columns in relation to the classes defined 
above. This kind of arrangement gave us an idea of whether or not the 
seedlings with the various malformations (constituting our different 
classes), which we called "atypical," could indeed be regarded as "abnor­
mal" (given that the analysts knew the substrates in which the seeds were 
germinated), under the rules. The analysts, fungi and substrates (Kimpak, 
RPT, and sand) formed a factorial treatment combination. Using analysis 
of variance procedures (ANOVA), the variability among analysts, fungi and 
substrate effect on germination were determined in a completely randomized 
design. 
Effect of Contaminating Fungi on Seeds 
of Different Quality 
The pathogenicity of the contaminants was tested on low vigor (me­
chanically damaged, and naturally aged) and high vigor (undamaged and 
treated) soybean seed. 
Seed sample preparation 
The seedlot used in this study was received in 1982 with standard 
laboratory germination of 92%. This lot was divided into 3 parts. One 
constituted the high vigor undamaged treatment, a second was treated with 
Captan at the rate of 5.5 ml/kg seed diluted 1:30 in a Gustafson Batch 
Laboratory Treater (Gustafson, Inc., 17400 Dallas North Parkway, Suite 220, 
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Dallas, TX 72540), and the third was mechanically damaged. Mechanical 
damage to seeds was achieved by dropping soybean seeds through a tube (6 
meters) onto a steel plate in the conditioning laboratory. To obtain a 
steady stream of seeds flowing down the tube, a vibrator was used. Per­
cent damage was determined using the hypochlorite swelling test (28). 
This provided a sample of mechanically damaged seeds. 
A second seedlot (Amsoy 71), which was received in 1981 with standard 
laboratory germination of 95%, that had naturally aged in storage at IOC, 
41% relative humidity for about 2 years, was used for the naturally aged 
treatment. 
Germination tests were prepared in Kimpak, sand and paper towels as 
described in experiment 1 above. The fungal isolates, the method of inocu­
lation, the experimental design, the incubation and evaluation procedures 
were the same as in experiment 1. Each sample or seedlot (where this ap­
plies) formed a block. A combined analysis of variance (ANOVA) was per­
formed as for a completely randomized block design to determine the dif­
ferences among the various samples (or seedlots) and the effect of fungal 
treatments in the various substrates. 
The Effects of Contaminating Fungi in 
Accelerated Aging Tests 
Preparation of seed samples and inoculation procedures 
Aging was achieved by exposing soybean seed from the 1982 soybean lots 
to highly unfavorable combinations of temperature (41C) and humidity (100% 
R.H.), as described by the various authors (7, 23, 27, 37, 39, 44). Seeds 
were inoculated by dipping about 250 gm samples separately in 250 ml 
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solutions of spore suspensions of each fungus diluted to 23x10® spores/ml 
and contained in 500 ml flasks for a minimum of 3 minutes. The inoculated 
seeds were dried on 18"x24" germination trays at room temperature for 48 
hours. Then, four replications of 100 seed each for each fungus were taken 
for each aging period. Aging was done in a modified aging chamber (Model 
SPCL, Herrick Refrigeration Co., Waterloo, lA), which was maintained at 41C 
and 100% relative humidity by means of a warm water bath. Seeds were in­
troduced into the chamber in a decreasing order of aging period starting 
with the ones aged for 96 hours and ending with the ones aged for 30 hours. 
At the end of each aging period, seeds were removed from the chamber 
and were left untreated, or they were treated either with Captan at 5,5 
ml/kg diluted 1:30 (a fungicide) or Nystatin (Mycostatin, an antibiotic, 
No. N-3503, Lot 24F-0093, Sigma Chemical Co.) at 0.3 gm/1. Germinations 
were done in sand, as described above for sand. The fungal inoculations, 
aging periods and chemical treatments formed a 5x5x3 factorial combination. 
Evaluation was done according to the AOSA rules (4) for testing seeds. 
The effect of chemicals on inoculated aged seeds was determined. Reduc­
tion in germination over time (aging) and the effect of chemicals on such 
seeds in comparison to the uninoculated untreated control was determined 
by measuring the germinations on such seeds at the end of 7 days. Analy­
sis of variance procedures were used as in a completely randomized manner 
to determine differences in the effect of aging period and chemicals in 
the germination of these seeds. 
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The Effect of Fungicide and Antibiotics 
in Fungus-induced Aging 
This experiment differs from the one preceding it in that in the pre­
ceding experiment, fungicide and antibiotic were applied at the end of the 
aging period, prior to planting. In this experiment, however, the fungi­
cide and antibiotic were applied after inoculation but before aging. 
Two hundred gram samples were taken from the 1983 harvested seedlot. 
The fungal isolates and inoculum level were the same as described above. 
A 250 ml solution of spore suspension of A. flavus, A. niger, Rhizopus sp. 
and Pénicillium oxalicum at 23x10® spores/ml was placed in a 500 ml flask. 
Seeds were soaked separately in a spore suspension of each fungus for a mini­
mum of 3 min. Controls were placed in distilled sterile water for 3 min. 
Such inoculated seeds were either left untreated, or they were treated 
with Captan at 5.5 ml/kg seeds diluted 1:30, or Nystatin at 0.3 gm/liter 
with 4 replicates/chemical treatment. Seeds were either left unaged or 
they were aged for 72 hours in open Petri dishes at 41C and 100% relative 
humidity in the same chamber as described for experiment 3 above. At the 
end of the aging period, seeds were planted in sand (see experiment 1). 
The fungal inoculations, chemical treatments and aging periods formed a 
5x5x3 factorial combination that was analyzed as a completely randomized 
design in the analysis of variance (ANOVA) procedures. The ability of 
chemicals to improve the germination of seeds aged int eh presence of 
different fungi was determined by counting the percent seedlings germinat­
ing according to AOSA rules (4). 
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RESULTS 
Effect of Fungi on Corn and Soybean 
Germination Tests 
The germination tests of corn (Table 1) indicate no significant dif­
ferences between the inoculated tests and the controls in all substrates. 
All germinations remained above 95%. This indicates that the fungi had no 
effect on the germination of corn. When the effect of the fungi was com­
pared on treated and untreated corn (Table 2), no differences were found 
either among the fungi or among the seedlots. 
Germination of inoculated soybean tests (Table 3) indicates a signif­
icant (P=0.05) reduction in the germinations in both Kimpak and paper 
towels, but not in sand. Pénicillium oxalicum ms the most pathogenic fungus 
and caused a 60% reduction in germinations in both Kimpak and paper towels. 
Aspergillus niger was less pathogenic in Kimpak, where it reduced germina­
tions by 14%, than in paper towels, where the reduction in germination was 
44%. Aspergillus flavus, too, was less pathogenic in Kimpak, where it 
caused a 20% reduction in germinations, than in paper towels, where it re­
duced germinations by 35%. Rhizopus sp. was not pathogenic in Kimpak, but 
it reduced germinations in paper towels by 17.3%. Reduction in germina­
tions in sand were not significant. 
In general, the number of atypical seedlings (Table 3) were relatively 
low in the uninoculated control — 3.5 in Kimpak tissues, 20.5 in rolled 
paper towels, and 3.25 in sand. On inoculation, A. flavus increased the 
number of atypical seedlings by a significant 18.0% in Kimpak, by 23.5% in 
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Table 1. Effect of fungal contamination in corn 
Substrate Treatment Normal 
% germination — 
Atypical Dead 
Kimpak A. flavus 96.5 ab* 0.75 a 3.75 a 
A. niger 98.00 ab 0.75 a 1.25 a 
P. oxalicum 97.75 ab 0.00 a 2.25 a 
Rhizopus sp. 99.25 a 0.25 a 0.50 a 
Untreated 97.50 ab 0.75 a 1.25 a 
Rol1ed A. flavus 99.75 a 0.50 a 0.00 
paper A. niger 99.75 a 0.50 a 0.00 
towel s P. oxalicum 100.00 a 0.00 a 0.00 
Rhizopus sp. 99.75 a 0.50 a 0.00 
Untreated 98.00 a 2.00 a 0.00 
Sand A. flavus 99.5 a I
f) O
 0.00 
A. niger 98.75 a 1.25 a 0.00 
P. oxalicum 99.25 a 0.75 a 0.00 
Rhizopus sp. 98.75 a 1.25 a 0.00 
Untreated 98.75 a 1.25 a 0.00 
*Means followed by the same letter within a column are not signifi­
cantly different at the 0.01% and 0.05% levels. 
80 
Table 2. Analysis of variance for the germination of treated and un­
treated corn inoculated with different fungi 
Source df SS MS F 
Model 29 8.32 0.29 0.98 NS* 
Fungi 4 1.72 0.43 1.47 NS 
Substrate 2 0.32 0.16 0.55 NS 
Seed 1 0.15 0.15 0.51 NS 
Fungi*Substrate 8 2.35 0.29 1.01 NS 
Seed*Fungus 4 0.35 0.09 0.30 NS 
Seed*Fungus*Substrate 10 3.43 0.34 1.17 NS 
Error 90 26.1 0.29 
Total 119 
®NS = not significant; P = 0.05. 
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Table 3. Germination of soybean seeds (Amsoy 71) inoculated with various 
fungi 
Substrate Treatment Normal 
— % germination — 
Atypical Dead 
Kimpak A. flavus 76.00 21.50 2.50 
A. niger 83.00 10.73 6.25 
Rhizopus sp. 93.50 4.75 1.75 
P. oxalicum 38.25 60.00 1.75 
Control 96.50 3.50 0.00 
Paper towel A. flavus 38.50 44.00 7.50 
A. niger 42.00 49.50 7.50 
Rhizopus sp. 62.00 31.50 6.50 
P. oxalicum 27.50 61.00 11.50 
Control 75.00 20.50 4.50 
Sand A. flavus 87.50 7.50 5.00 
A. niger 93.25 4.50 1.75 
Rhizopus sp. 85.25 13.75 1.00 
P. oxalicum 89.00 10.75 0.50 
Control 94.50 3.25 2.25 
LSD 8.91 7.75 7.31 
(t ~ 0.05) 
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RPT, and by 3.25% in sand. Aspergillus niger caused a nonsignificant in­
crease of 7.25% in Kimpak, a significant increase of 29.0% in RPT, and a 
nonsignificant increase of 1.25% in sand. Rhizopus sp. caused significant 
increases of 11.0% in RPT and 10.5% in sand, but not in Kimpak. Pénicillium 
oxalicum caused significant increases of atypical seedlings 57% in Kimpak 
and 40.5% in RPT, but not in sand. 
There was a significant (P=0.05) substrate effect (ANOVA B1-B3, Appen­
dix B) for dead seeds. The number of dead seeds was higher (Table 3) in 
RPT than either in Kimpak or sand. Pénicillium oxalicum treatment had the 
highest number of dead seeds, 6.5%, in relation to the control, followed by 
3.0% both for A. flavus and A. niger. P.hizopus sp. did not increase the 
number of dead seeds in any substrate. 
Interpretation of atypical seedlings 
The percent seedling in each class for each treatment is presented in 
Table 4, Aspergillus flavus and A. niger increased seedlings in which the 
cotyledons were decayed (class 6), while Rhizopus sp. increased seedlings 
that did not emerge from sand (class 10). Pénicillium oxalicum increased 
the seedlings with stubbed or stumpy roots (class 2), those with insuffi­
cient roots (class 8) and those with no secondary roots (class 9). See 
analysis of variance tables (B4-B13) in Appendix B. 
Interpretation of these seedlings by the Association of American Seed 
Analysts (AOSA) as to whether they were normal or abnormal is presented 
in Table 5. From this table, seedlings on which there was general agree­
ment included those with root fasciation, those with stubbed or stumpy 
Table 4. Percent seedlings with iïalformations in soybean germination tests inoculated with various 
fungi in Kimpak, rolled paper towel and sand 
Malformation^ 
Substrate Treatment 123456789 10 
Kimpak A. flavus 5.00 0.25 4.00 0.00 0.25 11.25 0.75 0.00 0.00 0.00 
A. niger 1.50 1.00 0.50 0.00 0.00 7.50 0.25 0.00 0.00 0.00 
Rhizopus sp. 2.00 0.25 1.50 0.50 0.25 0.25 0.00 0.00 0.00 0.00 
P. oxalicum 0.00 59.50 0.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 
Control 3.25 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rolled A. flavus 5.00 3.50 6.00 0.00 0.00 16.00 13.50 0.00 0.00 0.00 
paper A. niger 11.00 3.00 3.50 0.00 0.00 27.50 0.00 4.50 0.00 0.00 
towel Rhizopus sp. 7.00 5.50 2.00 0.00 0.00 9.50 0.00 3.00 4.50 0.00 
P. oxalicum 7.50 22.00 1.00 0.00 0.00 8.50 0.00 16.00 6.00 0.00 
Control 3.50 6.50 3.50 0.00 0.00 7.00 0.00 1.00 0.00 0.00 
Kimpak A. flavus 0.00 0.00 0.00 0.00 0.00 1.50 1.50 0.00 0.00 4.75 
and A. niger 0.00 0.00 0.00 0.00 0.00 0.25 1.50 0.00 0.00 2.25 
sand Rhizopus sp. 0.00 0.00 0.00 0.00 0.00 1.50 0.00 0.00 0.00 12.25 
P. oxalicum 0.50 0.50 0.00 0.00 0.00 2.00 0.00 0.00 0.00 8.25 
Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.25 
LSD 5.14 5.70 3.32 0.52 0.82 6.28 5.17 5.28 4.67 2.03 
Malformations: 1 = root fasciation; 2 = stubbed roots; 3 = looped hypocotyls; 4 = necrotic/ 
glassy hypocotyl; 5 = split hypocotyl; 6 = decayed cotyledons; 7 = thick hypocotyl; 8 - insufficient 
roots; 9 = no secondary roots; 10 = negatively geotropic. 
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Table 5. Response of analysts to various seedlings identified and classi­
fied in the pathogenicity study 
Malformation/ Substrate^ from Response of 4 
seedling type which seedling AOSA analysts 
was obtained Abnormal Nonml 
1 Fasciation of 
roots 
Kimpak 4 
2 Stubbed/stumpy roots Kimpak 4 












4 Necrosis of roots/ 
glassy hypocotyls 
Kimpak 3 1 
6 Decayed cotyledons Kimpak 2 2 
7 Thick hypocotyls RPT 3 1 
8 Insufficient 
roots 
RPT 2 2 
9 No secondary roots RPT 3 1 
10 Negatively geotropic Sand 4 
^At the time the experiment was set up, class 5 (split hypocotyls) 
was not found in the tests. 
^The analysts did not know what substrates from which the different 
seedlings were taken. 
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roots, those with looped hypocotyls and those that remained below sand, 
i.e., classes 1, 2, 3 and 10, respectively. The malformations with root 
necrosis and glassy hypocotyls, thick hypocotyls and no secondary roots 
were recognized by 3 out of 4 analysts (classes 4, 7 and 9). Seedlings 
with decayed cotyledons and those with insufficient roots (classes 6 and 8) 
were classified as abnormal by 2 out of 4 analysts each. This shows that 
all the identified malformations could be recognized as having the poten­
tial to cause abnormality in seedling evaluations. 
Data on the second experiment performed in this respect are presented 
in Table 6. The discussion presented here pertains to the seedlings placed 
under the mechanical damage (Mdam), questionable mechanical damage (Qmdam), 
diseased (Dis) and questionable diseased (Qdis), which together comprise 
the (AOSA) abnormals. 
The data indicate more mechanically damaged seedlings in the paper 
substrates than in sand. The data also indicate that analysts H, M, and S 
recorded more of these seedlings than analyst K. The high coefficient of 
variability (C.V.) is a reflection of the variability among the analysts 
and the substrates, both of which were significant, as well as the analyst* 
substrate interaction (Tables B14-B19, Appendix B). 
The highest number of questionable mechanically damaged (Qmdam) were 
recorded by S and H, compared to those recorded by K and M. A high C.V. 
obtained here is due to the same reason as presented above. 
Although a similar high C.V. was obtained on the diseased seedlings 
(Dis), one common feature here was the high number of this seedling on 
A, niger inoculations followed by A. flavus. The number of such seedlings 
from PeniciUium and Rhizopus inoculations did not differ from those in the 
Table 6. Percent seedlings obtained by each analyst in each substrate for each treatment; 
analyst*treatment*substrate (nonsignificant) 
Analyst Treatment Substrate NORM^ MDAM QMDAM DIS QDIS DEAD 
Control Kimpak 80 .0 9 .75 0.75 4 .50 2 .00 3, .00 
RPT 86. 50 6 .00 3.00 1 .50 1 .25 1, .75 
Sand 69 .50 0 .25 0.25 0 .00 0 .00 23. .00 
A. flavus Kimpak 69, .50 16 .50 7.00 2 .25 2 .00 2, .75 
RPT 44, .25 14, .50 18.00 1 .50 0 .00 22, ,00 
Sand 74, ,75 1, .00 0.75 0 .50 0 .25 22. .75 
A. niger Kimpak 31, .75 11, .50 3.25 9 .75 34 .00 9. 75 
RPT 70, .25 6, .50 5.75 1 .75 0 .00 14. 25 
Sand 63. .75 0, .00 0.00 0 .25 2 .25 33. 75 
Pénicillium Kimpak 77, ,75 10, .75 8.25 0 .25 2 .25 0. 75 
oxalicum RPT 77. .50 9, .75 4.50 1 .50 2 .00 4. 75 
Sand 76. ,50 0. .25 0.25 0 .00 0 .25 22. 75 
Rhizopus sp. Kimpak 66. ,25 9. ,50 7.50 2 .25 8 .75 5. 75 
RPT 51. ,25 14. .50 4.25 5 .75 2 .00 23. 25 
Sand 76. ,25 0. ,75 1.50 0, .00 0 .00 21. 50 
Control Kimpak 86. 25 2. 00 1.00 5, .00 2 .75 3. 00 
RPT 86. 75 4. 25 2.75 4, .00 2 .50 0. 50 
Sand 82. 75 0. 00 0.00 0, .00 0, .00 17. 25 
A, flavus Kimpak 77. 50 5. 75 4.50 9. .50 1, .75 3. 00 
RPT 57. 00 6. 75 4.00 9. 25 1, .25 18. 25 
Sand 79. 50 0. 00 0.00 0. ,00 6, .75 13. 00 
A. niger Kimpak 78. 00 4. 75 2.00 7. 00 1. .75 6. 50 
RPT 60. 50 6. 75 5.00 7. 50 5. .75 14. 25 
Sand 60. 50 0. 00 0.00 0. 00 0. ,00 39. 50 
Pénicillium Kimpak 90. 00 1. 75 1.25 4. 25 1. 00 1. 75 
oxalicum RPT 68. 50 3. 50 4.25 8. 50 3. 25 12. 00 
Sand 71. 00 0. 00 0.00 0. 00 0. .00 29. 00 









































NORM = Normal. 
MDAM = Mechanical damage. 
QMDAM = Questionable mechanical damage. 
DIS = Diseased. 
QDIS = Questionable diseased. 
0.00 6.75 7.00 0.00 8.25 
4.00 5.50 10.75 3.50 26.25 












































































11.50 0.25 4.75 0.00 3.25 
6.75 2.50 0.50 2.25 2.25 
2.00 9.25 0.00 0.00 9.75 
Table 6. Continued 
Analyst Treatment Substrate NORM MDAM QMDAM DIS QDIS DEAD 
A. flavus Kimpak 68. 75 12. 25 7. 00 4 .50 2.50 5 .00 
RPT 44. 00 10. 00 7. 75 8, .50 0.75 14 .75 
Sand 71. 50 3. 00 16. 50 0, .00 0.00 9 .00 
A. niger Kimpak 32, 00 8. 00 5. 75 36. 00 5.00 14 .75 
RPT 45. 25 8. 75 2. 50 22, .00 3.50 17 .75 
Sand 69. 00 0. 00 13. 00 3. .25 0.00 14 .75 
Pénicillium Kimpak 79. 00 9. 00 4. 50 4. ,25 2.00 1 .25 
oxalicum RPT 64. 75 10. 75 5. 25 7. ,75 8.00 3 .50 
Sand 78. 75 3. 75 11. 50 0. .00 0.00 6 .00 
Rhizopus sp. Kimpak 73. 00 7. 75 7. 75 3. ,50 4.00 4 .00 
RPT 57. 00 12. 75 4. 50 3. ,75 1.25 19 .25 
Sand 80. 50 1. 25 18. 25 0. ,00 0.00 0 .00 
LSD 22.10 8.85 6.27 8.75 12.18 10.08 
89 
control. The numbers questionable diseased seedlings (Qdis) were higher 
in the Kimpak and paper towel tissues than in sand. However, for the same 
reasons as given for the mechanically damaged, the questionable mechanical­
ly damaged and the diseased seedlings, a high C.V. was again obtained on 
these seedlings. The purpose of this experiment was to determine whether 
the seedlings identified by the seed analysts to be abnormal according to 
the rules of the AOSA for testing seeds could fit into the classes defined 
in our pathogenicity study. Therefore, the seedlings placed in each of 
the subcolumns of the abnormal column of the AOSA evaluation sheet were ex­
amined for the various malformations characterizing each of our classes. 
Table 7 is a result of this examination. From this table, it was found 
that mechanically damaged (Mdam): seedlings included those with root fas-
ciation or split hypocotyls (class 1 and/or 5). Seedlings with necrotic/ 
glassy roots and those with decayed cotyledons (class 4 and/or 6) were col­
lectively placed under the diseased (Dis) column, while the questionable 
mechanical damage (Qmdam) included a wide range of malformations (some with 
root fasciation, looped hypocotyls, thick hypocotyls; i.e., classes 1, 3, 
and 7). Among the seedlings under the questionable disease were seedlings 
with such malformations as stubbed and necrotic roots (classes 2 and 4). 
Seedlings with insufficient roots and lack of secondary roots (classes 8 
and 9) were not encountered among the various abnormal s of the analysts, 
while the negatively geotropic seedlings were not counted by the AOSA 
analysts. This study indicates that all the classes of malformations as 
identified in our pathogenicity work, except classes 8 and 9, are abnormal 
seedlings according to AOSA. The statistical analysis, together with 




Substrates in which 
seedlings are commonly 
encountered 
AOSA evaluation 





1 Root fasciation Usually Kimpak, 
occasionally RPT 
Mechanical damage Abnormal 
2 Stubbed/stumpy roots Kimpak and RPT Diseased, question­
able diseased 
Abnormal 
3 Looped hypocotyls Kimpak and RPT Questionable Abnormal 





5 Split hypocotyls Kimpak Mechanical damage Abnormal 
6 Decayed cotyledons Kimpak and RPT Diseased Abnormal 
7 Thick hypocotyls RPT occasionally Questionable Abnormal 
8 Insufficient roots RPT — -  —  Normal 
9 No secondary roots RPT Normal 
10 Negatively geotropic Sand Not counted in 
the evaluation 
Ungerminated 
^The analysts evaluated the seedlings in the substrates in which the seedlings were grown. 
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coefficient of variabilities are presented in the analysis of variance ta­
bles B14-B19 (Appendix B). 
Effect of Fungi on Seeds of Different Quality 
The germination of various seeds after inoculation are presented in 
Table 8. Germination was averaged across seedlots and substrates to give 
the X-axis of Figure 2. These averages indicate that Pénicillium sp. was 
the most pathogenic fungus, with only 55% germination. This was followed 
by A. niger, 69.84% and A. flavus, 69.48%, then by the control, with 84% 
germination. The very narrow margin of a difference of 0.36% (which was 
not significant) allowed for taking the means of the averages due to A. 
niger and A. flavus. These averages were plotted against the normal seed­
lings obtained from each seed type Y-axis (mechanically damaged, undamaged, 
naturally aged and the treated seeds). The data indicate that the dam­
aged seeds were the most susceptible. These were followed (in order) by 
the naturally aged seeds and the treated seeds. Alternatively, the treated 
seeds were less affected by the fungi than the untreated seeds, and, hence, 
the germination of these seeds consistently remained above the germination 
of the untreated lots. The reduction in germination by all fungi was sig­
nificantly high for the damaged, naturally aged and undamaged seeds, but 
not for the treated seeds. The analysis of variance tables for normal, ab­
normal and dead seeds are presented in Tables B20-B32, Appendix B. 
The number of malformations did not increase when the seedlot was re­
duced in quality (Table B33). However, the number of seedlings with mal­
formations identified increased in low vigor seeds. Specific to our inoc­
ulations were increases of seedlings with decayed cotyledons in damaged 
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Table 8. Effect of contaminating fungi on the germination of soybean 
(Amsoy 71) of different quality 
Seed Substrate Treatment Normal 
-% germination-
Abnormal Dead 
Undamaged Kimpak Control 95.75 2.75 1.50 
A. flavus 73.00 20.00 6.25 
A. niger 78.75 12.50 3.50 
P. oxalicum 30.50 64.00 8.00 
Undamaged RPT Control 85.50 8.00 6.50 
A. flavus 73.75 17.75 10.75 
A. niger 56.75 36.00 4.75 
P. oxalicum 67.50 28.00 5.00 
Undamaged Sand Control 94.50 2.75 2.75 
A. flavus 82.75 12.25 4.00 
A. niger 64.00 23.50 12.50 
P. oxalicum 81.25 12.25 6.50 
Damaged Kimpak Control 78.75 15.00 6.25 
A. flavus 73.25 18.50 10.00 
A. niger 66.75 26.50 10.00 
P. oxalicum 7.25 83.00 9.75 
Damaged RPT Control 75.00 20.50 4.50 
A. flavus 68.00 26.25 7.75 
A. niger 54.50 28.00 17.50 
P. oxalicum 41.00 33.00 26.00 
Damaged Sand Control 71.75 21.75 6.50 
A. flavus 42.75 38.75 13.50 
A. niger 53.25 38.75 9.25 
P. oxalicum 42.50 37.00 29.50 
Naturally Kimpak Control 74.75 22.00 3.25 
aged seeds A. flavus 44.75 34.50 8.00 
A. niger 62.75 32.50 4.75 
P. oxalicum 18.50 55.25 11.50 
Naturally RPT Control 76.00 18.00 6.00 
aged seeds A. flavus 48.50 46.00 5.50 
A. niger 46.00 46.50 7.50 
P. oxalicum 34.00 64.00 2.00 
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Table 8. Continued 
Seed Substrate Treatment Normal 
% germination -
Abnormal Dead 
Naturally Sand Control 94.50 3.25 2.25 
aged seeds A. flavus 86.00 6.50 7.50 
A. niger 93.25 4.50 1.75 
P. oxalicum 89.00 10.75 0.50 
Treated Kimpak Control 81.75 15.50 2.75 
A. flavus 71.75 14.50 13.75 
A. niger 80.50 15.00 5.00 
P. oxalicum 69.00 23.25 7.75 
Treated RPT Control 91.50 3.75 4.75 
A. flavus 83.75 9.50 4.75 
A. niger 88.00 10.00 2.00 
P. oxalicum 91.75 7.50 3.25 
Treated Sand Control 94.00 3.50 2.50 
A. flavus 85.50 10.00 4.50 
A. niger 93.75 4.75 1.50 
P. oxalicum 83.50 13.00 2.00 











LSD = 3.16 










80 1 90 Fungi 
Control A .  flavus 
A. niger 
nination (normal seedlings) of seeds of various quality 
:ulated with various fungi 
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and stored, as well as in undamaged, seedlots inoculated with A, flavus 
and A. niger, but not in the treated seedlots. The number of seedlings 
with stubbed or stumpy roots also increased in the same seedlots inocu­
lated with Pénicillium oxalicum. Of the other malformations, the numbers of 
seedlings in which there was root fasciation increased in the damaged seed-
lots more than in the other seedlots. The rest of the malformations did 
not show a consistent pattern. 
In general, seeds reduced in quality had more dead seeds (Table 8) 
than treated and high quality seeds. Seeds in treatments inoculated with 
A. flavus, A. niger and Pénicillium sp. increased significantly in the paper 
substrates, but decreased in sand. The only exception was the damaged lot 
in which the numbers of dead seeds significantly increased from paper sub­
strates to sand. The statistical analysis of these data are presented in 
Tables B20-B32. 
Effect of Fungi in Accelerated Aging Tests 
The separate effects of Captan and Nystatin in comparison to the con­
trol are presented in Table 9. The germination of treatments inoculated 
with A. flavus, A. niger, and Pénicillium was reduced to less than 10% in 
all aged treatments, including 30, 48 and 72 hours of aging, while the 
germination of all treatments was reduced to 0% after 96 hours of aging. 
Therefore, the averages indicated for each fungus treatment {Aspergillus 
flavus, A. niger, Pénicillium, Rhizopus, and control) have been obtained by 
adding the germination after 30, 48, and 72 hours of aging and dividing 
the value by 3, This has been done separately for the untreated, Captan 
and Nystatin treated seeds. There were no significant differences in the 
96 
germination of the treatments inoculated with A. flavus, A. niger and Péni­
cillium sp., whether the seeds were treated or untreated. For these treat­
ments, the germination was below 10% throughout. The tests inoculated 
with Rhizopus sp. emerged considerably higher than those inoculated with 
A. flavus, A. niger, and Pénicillium sp., with the germination of the tests 
inoculated with Rhizopus being about 50% below that of the controls. 
In all inoculated tests, the germination of the tests which were 
treated with Nystatin were higher than those treated with Captan. These 
values were significant for A. flavus, Pénicillium oxalicum and the control 
(LSD = 5.24), but not for A. niger and Rhizopus. Significant improvement 
in the germination of the treated tests (in comparison to the control) was 
observed only for A. flavus. The statistical analyses for these data are 
presented for abnormal and dead seeds in Tables B34-B36. 
Effect of Fungicide and Antibiotic in Fungus-induced 
Aging of Soybeans 
This experiment differs from the one above in that Captan and Nystatin 
were applied after inoculating with the different fungi, but before the 
aging treatment. The germination of the unaged seeds remained above 95%, 
while that of all treatments that were aged for 72 hours was drastically 
reduced (Table 10). Aspergillus flavus, A. niger and Rhizopus sp. each re­
duced the germination by up to 70%, while Pénicillium oxalicum caused a 50% 
reduction. Using the inoculated, untreated and aged tests as the standard, 
application of Captan to these tests significantly (P = 0.05) increased 
the germination test inoculated with A. flavus, A. niger and Rhizopus sp. 
by over 100%, and those inoculated with Pénicillium oxalicum by about 30%. 
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Table 9. Aging inoculated soybean seeds. Percent germination of un­
treated, Captan-treated and Nystatin-treated seeds (Captan and 
Nystatin were applied after aging) 
Fungus Aging period Untreated Captan Nystatin 
A. flavus 30 5.00 1.00 20.00 
48 1.75 1.25 1.00 
72 0.00 0.50 2.50 
96 0.00 0.00 0.00 
Average 3.25 0.92 7.70 
A. niger 30 8.25 6.50 3.00 
48 4.75 2.75 3.50 
72 0.25 0.75 0.50 
96 0.00 0.00 0.00 
Average 4.41 3.30 3.30 
Pénicillium 30 0.50 0.50 1.75 
oxalicum 48 4.75 0.50 8.75 
72 3.25 0.00 1.50 
96 0.00 0.00 0.00 
Average 2.85 0.30 4.00 
Rhizopus 30 35.00 30.75 43.75 
48 34.00 27.00 23.75 
72 12.00 8.75 3.25 
96 0.00 0.00 0.00 
Average 27.00 22.20 23.60 
Control 30 49.50 37.25 56.75 
48 56.50 36.75 43.50 
72 21 75 27.50 22.75 
96 0.00 0.00 0.00 
Average 42.00 34.80 41.00 
LSD = 5.24 (P = 0.05) 
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Table 10. Aging of inoculated treated soybean seeds; percent germination 
of untreated, Captan-treated and Nystatin-treated seeds (Captan 
and Nystatin applied before aging) 
Fungus Aging period Untreated Captan Nystatin 
A. flavus 0 98.50 95.50 96.75 
72 22.00 57.75 21.75 
A. niger 0 97.00 96.00 98.00 
72 23.00 60.25 56.00 
Pénicillium 0 98.00 98.50 98.00 
oxalicum 72 45,25 61.75 62.25 
Rhizopus 0 97.50 99.25 97.50 
72 14.00 56.75 44.50 
Control 0 98.75 98.25 99.00 
72 54.75 71.00 68.00 
LSD = 4.07; P = 0.05 
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Nystatin had no effect on A. flavus-, however, significant improvement of 
100% in the germination of tests inoculated with A. niger and Rhizopus sp. 
and 38% in those tests inoculated with Pénicillium oxalicum were obtained. 
When the averages of Captan and Nystatin treated seeds were compared to 
the untreated ones, significant increases (P = 0.05) over the untreated 
controls were found for all treatments. Analysis of variance (ANOVA) for 
normal, abnormal and dead seeds are presented (Tables B37-B39). 
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DISCUSSION 
Reduced germination occurred in soybean tests when inoculated with 
fungi but did not in corn tests. This could be explained by the anatomical 
differences between the two seeds. Soybean seed has a distinct seedcoat 
that easily sloughs off when soybean seeds get wet. This not only causes 
leaching of metabolites from the cotyledons into the germination medium, 
but also exposes the cotyledons to invasion by the fungi. Corn, however, 
has a seedcoat that is fused with the pericarp. This thick pericarp might 
provide a mechanical barrier to infection by these fungi into the corn 
kernel. Secondly, the two seeds are biochemically dissimilar, with soy­
bean being rich in proteins and oils, while corn is rich in carbohydrates 
and starch. It is possible that the fungi find soybean nutritionally more 
suitable than corn. Thirdly, corn seed for testing is usually brought in­
to the laboratory when it has been already treated, but not soybean. 
These reasons may account for the greater susceptibility to the fungi of 
soybeans than corn. 
The soybean tests were susceptible to fungal inoculations, particu­
larly to those of A. flavus, A. niger and Pénicillium oxalicum. Reduced 
germination was obtained in paper substrates in which the fungi were more 
pathogenic than in sand. A possible explanation for this difference may 
lie in the fact that, during germination in sand, the seedcoat that is the 
initial site of colonization remains behind, leaving any inoculum that may 
have been picked up below the sand line. This allows the rest of the 
seedling to escape any fungi that may have been picked up by the seed. 
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Alternatively, sand may absorb some of the moisture from the Kimpak tis­
sues in the sand test, allowing for a more gradual, uniform and normal 
water imbibition rate. As indicated by Shultz (47), this enhances seed 
germination. The deleterious effect of excess substrate moisture was pre­
viously recognized, but first documented by Bailey (7). It may also be 
possible that a mechanism may exist in soil that is capable of diluting 
the toxic metabolites of the fungi, allowing the seeds to germinate. Such 
a mechanism cannot be present in the paper substrates. It may, therefore, 
be concluded that the metabolic products of these fungi could cause the 
paper substrates to be toxic either by themselves or by changing the pH of 
the substrates (3) so that seeds do not germinate in them. The reason our 
data agree with studies done elsewhere (6), in which higher germinations 
were obtained in sand than in paper towels, but not with Skinner and 
Schroeder (48), may be due to differences in the seedlots and the aim for 
the various studies and probably subjective error. 
More atypical seedlings with characteristic malformations were ob­
tained in the paper substrates (Kimpak and rolled paper towels) than in 
sand with Pénicillium oxalicum causing the most damage (up to 60%). This 
observation agrees with McGee (34), who found up to 80% reduction in the 
germination of Poa pratensis. Although a comparative study with respect to 
the other contaminants was not done, the extent of the pathogenic potential 
of Pénicillium oxalicum in this test is indicated. In the same paper, McGee 
(34) indicated that, if growth of fungi was favored by one substrate over 
another, germination results might be lower on that substratum compared to 
the others. Therefore, as Davis (21) pointed out, knowledge of the effect 
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of the medium used and control of fungi in germination tests may be as de­
sirable as the consideration of proper conditions of temperature and mois­
ture. Although the number of atypical seedlings in this study was lower in 
sand than in paper substrates, their values equally increased in sand when 
the vigor of the seedlot was reduced either through mechanical damage or 
by aging. This observation is in agreement with that of Rigdon and Miller 
(45), who found that low vigor seeds, such as the carry-over seeds, germi­
nated in sand but most seedlings remained below the sand. When such seeds 
were counted as abnormal, germinations in sand were significantly reduced 
below that of paper towels. Most of the malformations used to describe 
the atypical seedlings were recognized both by the International Seed Test­
ing Association (29) and the Association of Official Seed Analysts (4) as 
revealed by our AOSA panel discussion. Among these malformations, those 
that were definitely caused by fungal inoculations included the decayed 
cotyledons which increased in the presence of A, flavus and A. niger; 
stubbed or stumpy roots, roots with reduced surface area and those with no 
secondary roots that increased in the presence of Pénicillium sp. Seedlings 
with fasciation, those with looped hypocotyls, split hypocotyls, thick 
hypocotyls, and negatively geotropic seedlings in sand could be naturally 
occurring malformations that could be attributed to causes other than the 
fungal inoculations. However, in the presence of the fungi, some of these 
malformations were also increased. The substrate effect was also signifi­
cant. Therefore, some of the malformations were more frequent in some 
substrates and not in others. Typical of these were the thick hypocotyls 
and those without secondary roots which were more frequent in RPT than in 
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Kimpak tissues and sand; the seedlings with splits in hypocotyls were also 
more frequent in the Kimpak tissues than in either RPT or sand, while the 
seedlings that remained below sand (negatively geotropic) were also fre­
quent in sand but not in the paper substrates. In general, there was a 
wide range and an increase in the number of seedlings with specific mal­
formations in paper substrates than in sand. 
The malformations noted above have been recognized elsewhere. Ander­
sen (4), studying normal and questionable seedlings in species of Melilotus, 
Lotus, Trifoliwn and Medicago> recognized the following malformations: 1) 
seedlings with watery, glassy or translucent hypocotyls; 2) cracks or 
splits in the hypocotyls; 3) browning hypocotyls caused by fungi; 4) granu­
lar tissues beneath the epicotyl; 5) short split or attenuated roots; 6) 
bound roots; and 7) partially decayed cotyledons. Of these, we did not en­
counter seedlings that were granular beneath the epicotyl. However, her 
paper acknowledges that fungi caused some malformations in the germination 
of the seeds studied by her. The analysts recognized certain of our mal­
formations and classified such seedlings as "abnormal." Since the ana­
lysts' evaluations were based on AOSA rules, we can conclude that these 
seedlings were indeed abnormal. The malformations which were recognized 
thus included those seedlings with seminal roots, those with stubbed roots, 
those with looped hypocotyls, those with glassy roots, those with splits 
in hypocotyls, those with decayed cotyledons, those with thick hypocotyls, 
and the negatively geotropic seedlings. The seedlings with insufficient 
roots (class 8) and the seedlings without secondary roots (class 9) were 
not regarded as "abnormal" by the AOSA analysts. This may indicate a 
104 
substrate effect on these seedlings as in an earlier experiment in which 
the analysts did not know the substrates, some of the analysts had eval­
uated these seedlings as abnormal s. Most seedlings with mechanical dam­
age were placed among those seedlings with root fasciation and/or split 
hypocotyls (classes 1 and 5), Among the questionable mechanical damage 
were the seedlings with loops in hypocotyls, split hypocotyls, thick hypo­
cotyls (classes 3, 5, and 7). Among the diseased column were seedlings 
with stubbed roots, glassy hypocotyls or necrotic roots, and decayed cotyle­
dons (classes 2, 4 and 6). Seedlings that remained below (negatively geo-
tropic) sand were not included in the germination counts by the analysts 
and have been termed "ungerminated" in this study. However, according to 
Rigdon and Miller (45), such seedlings could be abnormal under the AOSA 
rules. The wide differences experienced in the classification of seed­
lings by analysts reflects a common problem inherent to seed testing in 
general. Miles (36) has listed several sources of variation among germi­
nation tests, among which are: a) sampling variation; b) poor equipment, 
including variation in environment within a germinator; c) poor method; 
d) poor technique; e) errors in inconsistency in distinguishing between 
normal and abnormal seedlings; f) fungi or bacteria; g) chemicals on the 
seed; h) inaccuracy in counting or recording; i) nonrandom selection of 
seeds to test; and j) actual change in percent germination between tests. 
In the same work. Miles (36) has prepared tolerance tables beyond limits 
of which certain variations in germination results cannot be accepted. 
Several of these sources of error (a, e, f, h, i and j) applied to our 
study. Besides these, those due to variation in the appearance of the 
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seedlings from substrate to substrate, and the ability of the analyst to 
interpret such seedlings regardless of methodology and substrate played a 
significant role. The ability of any analyst to evaluate the seedlings 
of this kind with accuracy depends largely on the experience of the analyst 
to handle a particular substrate and his training level. This may particu­
larly be important when fungi are involved in such evaluations. 
An important observation was the variability in the pathogenicity of 
fungal isolates, possibly resulting from subculturing. This was particu­
larly evident in the experiments with the analysts in which Pénicillium 
oxalicum, the fungus which was most pathogenic in the warm germination 
tests, was less pathogenic in the experiment with analysts. It was also 
in this experiment that Rhizopus sp. was associated with significant re­
duction in germination. Both the observations in the behavior of Pénicil­
lium oxalicum and Rhizopus sp. cannot be explained from the present data; 
however, the seedlot used in the earlier warm germination studies was a 
1982 harvested seedlot, while that used for the analyst experiment was a 
1983 harvested seedlot. 
The reason why soybean of low quality succumbed to inoculation with 
these fungi is closely linked to the same explanation provided above: with 
a loose seedcoat that sloughs easily, soybean seeds undergoing germination 
leach out some volatile products. It has also been reported by Lynch (32) 
that any factor which enhances exudation of volatile products may cause an 
increase in microbial growth and result in seed death. Owens et al. (38) 
and Shenck and Stotzky (46) observed that such volatile products, alde­
hydes and ketones, can stimulate microbial growth and spore germination. 
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Harman and Mattick (26) reported that such compounds from low quality seed 
are even more favorable for spores to germinate than those from high vigor 
seeds. It is possible that the leakage of these volatiles is higher from 
damaged and from aged seeds. This increased leakage of volatile compounds 
may be responsible for increased susceptibility when such seeds are inocu­
lated. The differences noticed between the damaged seeds, artificially 
aged seeds, and seeds that were naturally aged may also reflect the dif­
ferent biochemical events operating in these seedlots. Priestly et al. 
(43) have indicated the differences between artificial and natural aging. 
The basic difference is that, in the latter case, lipid phosphorus levels 
and tocopherals are high and these substances may protect the seed from 
deteriorative mechanisms that are taking place in the artificially aged 
seeds. Such seeds, therefore, may not produce volatiles produced by the 
damaged and the artificially aged seeds. Hence, the high germination of 
such seeds in sand takes place. 
Treatment of inoculated seeds with Captan did not improve the tests 
inoculated with A. flavus and A. niger; however, tests inoculated with 
Pénicillium oxalicum improved about two times in both Kimpak and rolled 
paper towels. From Figure 2, however, the germinations of all inoculated 
untreated tests were below those of un inoculated treated ones tested. 
When seeds were aged in the presence of the fungi, germination quick­
ly dropped to zero. This may be due to the compounding effects of aging 
(for which Parrish and Leopold (39) pointed out that, in as much as four 
over their storage temperature doubled the rate of aging damage as ex­
pressed in germination reduction, and the effect of fungal treatment which 
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Harman et al. (24, 25) indicated could increase the speed of aging. Thus, 
it may be possible that these two forces had additive effects such that 
germinations were reduced to about 5% when inoculated with Pénicillium oxal-
icum, A. flavus and A. niger, and to 35% by Rhizopus. Fungicide treatment 
of such seeds was not beneficial. 
When Captan and Nystatin were applied before aging, seed germination 
was the same whether or not the seeds were treated. However, when the 
seeds were aged for 72 hours, significant differences in the germination 
of such seeds were observed. Chemical treatments of such seeds were sig­
nificantly improved, with those of Captan treatments being significantly 
higher than those of Nystatin. Our data on the effect of Captan support 
that of Agarwal et al. (1), who found out that Captan significantly checked 
the effects of A. flavus, A. niger and Pénicillium nigricans in germination 
tests of Trachyspermum ammi. The reason for high germination after 72 
hours of aging in this experiment compared to the one above is that the 
seedlot in the above experiment may have suffered carry-over effects. Al­
ternatively, as observed by Tao and Scott (50) the significant drops in 
the germination over time, as was observed in the previous experiment, may 
be due to increased moisture levels caused by condensation which is in­
creased by cooling when the chambers were opened from time to time to take 
out the different treatments. The chamber was closed throughout the 72-
hour aging period of the second experiment, and so aging proceeded without 
the interruptions experienced in the above experiment. Ours might consti­
tute the first report on the effedts of the chemicals in fungus-related ac­
celerated aging tests. 
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To summarize, this study has indicated that: 
1) Aspergillus flavus, A. niger, Rhizopus sp. and Pénicillium oxalicuirit 
the most common laboratory contaminants in germination tests, have 
a potential to reduce germination tests of soybean seeds but not 
those of corn. Improved germination was obtained when soybean 
seeds were treated with 5.5 ml/kg seed of Captan diluted to 1:3. 
2) The fungi were more pathogenic in paper substrates, Kimpak and 
paper towels, where they caused more cotyledonary decay, stubbing 
of roots and glassy (translucent) hypocotyls than in sand. These 
malformations were recognized by the AOSA analysts as some of the 
causes of abnormality among soybean germination tests. 
3) Of the various malformations, A. flavus and A. niger increased those 
with cotyledonary decay, while A. niger also increased seedlings 
with glassy (translucent) hypocotyls. Pénicillium oxalicum increased 
the seedlings with stubby (stubbed) roots. 
4) Seeds of low quality, such as the mechanically damaged and carry­
over seeds, succumb to the infections more readily than the good 
quality or treated seeds. 
5) The fungi were more pathogenic in accelerated aging tests than in 
the standard germination tests. 
6) Captan at 5.5 ml/kg seeds diluted 1:3 or Nystatin at 0.3 gm/liter 
significantly improve the emergence of accelerated aging tests. 
Whether the results obtained here could be extrapolated to cover 
other seeds tested under the same conditions is a question that 
requires further investigation. 
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SUMMARY AND CONCLUSIONS 
Studies on the microflora in the air of a seed germination laboratory 
indicated that the highest numbers of airborne spores as measured with a 
Burkard spore trap were obtained during working hours beginning at 8 a.m. 
peaking between 11 and 12 noon, then dropping significantly between 3 p.m. 
and 5 p.m. Few spores were detected at night (7 p.m. to 7 a.m.), or during 
the day on nonworking days. When measured on a monthly basis, spore counts 
were greatest in winter months when approximately 90% of received corn and 
soybean samples were tested. Qualitative measurements on the Andersen air 
sampler showed that Aspergillus flavus was the most prevalent fungus found, 
with A. niger and Pénicillium sp. occurring in trace amounts. 
A systematic survey of germination incubators showed a significant 
correlation between airborne spores on the day the tests were prepared and 
the degree of fungal growth in the incubators on the day the tests were 
examined (r=0.68). Germination values in trays in the incubators were 
highly negatively correlated with the amount of fungal growth (r=-0.83) on 
the trays. There was a significant drop in germination of 9.83% for every 
increase in test contamination; also, a spore load in the air of 50,000 
spores/hour was associated with 40-60% contamination on the trays, which, 
in turn, was associated with a 20-30% drop in germination. 
The pattern of fungal growth on trays within germination incubators 
suggested that this was influenced by the seed itself, as well as the ori­
ginal airborne inoculum. Air in the laboratory and seed were identified 
as significant sources of these fungi, but not water and/or substrates. 
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More spores also were found in the germination (where routine tests are 
prepared and evaluated) than in the seed pathology research laboratory. 
Inoculation of corn and soybean germination tests with spore suspen­
sions of isolates of A. flavus, A. niger. Pénicillium sp., and Rhizopus sp. 
showed that they had no effect on corn whether it was treated with Captan 
or untreated and regardless of substrate. Germination of soybeans was not 
affected in sand, but Pénicillium sp. reduced the germination by up to 60%, 
and A. flavus and A. niger caused about 30% reduction in Kimpak and paper 
towels. Rhizopus sp. did not reduce the germination in any substrate. 
Aspergillus flavus and A. niger tended to cause an increase in seedlings 
with cotyledonary decay. Aspergillus niger was associated with glassy 
(translucent) hypocotyls and Pénicillium sp. with stubby roots. According 
to the Rules of the Association of Official Seed Analysts, these malforma­
tions could be interpreted as abnormal s in soybean germination tests. For 
poorer quality seeds caused by mechanical damage or age, the effects as 
described were more pronounced. Captan seed treatment reduced the extent 
of fungal growth and increased germination. 
In accelerated aging tests, subsequent germination of seeds was re­
duced to below 50% by all fungi after an aging period of 72 hours at 41C 
and 100% relative humidity. In seed treatments with Captan, the emergence 
of these tests was increased by at least 10% for all fungi. For the anti­
biotic, increases of at least 25% were found by all fungi, except for A. 
flavus i where no effect was found. 
Although increased airborne contamination was associated with in­
creased test contamination, or vice versa, and reduction in germination. 
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more data on the direct effect of airborne inoculum on test results are 
required. Results obtained with inoculation studies show that A. flavus, 
A. niger and Pénicillium sp. were pathogenic. More studies using other 
seed types may appear necessary in order for the extent of pathogenicity 
of these fungi under laboratory conditions to be established. 
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APPENDIX A. 
ANALYSIS OF VARIANCE TABLES 
FOR PART 1 
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Table Al. Analysis of variance to show differences in the density of 
spores obtained hourly, daily and monthly over a period of 3 
years on the Burkard spore trap (refer to Figures 1, 2, and 3) 
Source df SS MS F 
Model 40 11287.75 128.88*** 
Hour 23 14136.00 161.39*** 
Day 6 6027.08 68.81*** 
Month 11 8201.93 93.64*** 
Error 19833 2188612.85 
***Significant at P > 0.01. 
Table A2. ANOVA for Burkard air sampling 
Source df MS F value 
Model 29 39.93*** 
Error 10461 175.34 
Year 3 7878.03 44.93*** 
Month (year) 26 7001.33 39.93*** 
***P > 0.001. 
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Table A3. ANOVA table for Andersen air sampling data (refer to Tables 1-3) 
on Aspergillus flavus spores 
Source df MS F 
Model 10 80406.34 18.79*** 
Error 85 4279.07 
Day 4 53830.70 12.58*** 
Time 3 157030.05 36.70*** 
Month 3 39193.25 9.16*** 
Corrected total 95 12292.48 
***Signifleant at the 0.001% level. 
Table A4. ANOVA for Andersen air sampling data (refer to Tables 1-3) on 
Aspergillus niger spores 
Source df MS F 
Model 10 681.99 3.06** 
Error 85 222.71 
Day 4 1142.83 5.13*** 
Time 3 681.04 3.06* 
Month 3 68.49 0.31*** 
Total 95 271.05 
•Significant at the 0.05% level. 
••Significant at the 0.01% level. 
***Significnat at the 0.001% level. 
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Table A5. ANOVA for Andersen air sampling data (refer to Tables 1-3) on 
Pénicillium 
Source df MS F 
Model 10 4.01 0.75 
Error 85 5.36 
Day 4 2.53 0.47 NS* 
Time 3 6.698 1.30 NS 
Month 3 3.03 0.57 NS 
Corrected total 95 5.21 
®NS = not significant. 
Table A6. Normal seedlings in contaminated soybean germination tests 
(refer to Figure 5) 
Source df MS F 
Model (degree) 5 1595.36 36.03*** 
Error 1294 44.27 
Total . 1299 50.00 
***Significant at the 0.001% level. 
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Table A7. Analysis of variance to indicate presence of Rhizopus sp. in 
location, seed, substrate and water (refer to Tables 6 and 7) 
Source df MS F 
Model 35 2785.84 31.09*** 
Loc® 1 12.76 0.14 NS 
Rep (Loc) 4 44.55 0.50 NS 
Seed 1 39244.59 437.96*** 
Subb 1 15225.84 169.92*** 
Seed*Sub 1 12950.26 144.52*** 
Water 1 2762.76 30.83*** 
Seed*Water 1 3048.76 34.02*** 
Sub*Water 1 1073.34 11.98 
Seed*Sub*Water 1 834.26 9.31 
Ster^ 1 326.34 3.64 
Seed*Ster*Sub*Water 1 8918.24 14.22*** 
Loc*Seed 1 1.26 0.01 NS 
Loc*Sub 1 1691.76 18.88*** 
Loc*Water 1 1169.01 13.05*** 
Loc*Ster 1 894.26 9.98 
Loc*Seed*Ster*Sub*Water 1 9172.78 9.31*** 
Error 60 89.60 
Corrected Total 95 1083.00 
®Loc = Location = seed pathology or germination laboratory. 
^"Sub = substrate = Kimpak or paper towels. 
^Ster = sterilization or no sterilization of substrates. 
•••Significant at the 0.01% level. 
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Table A8. Analysis of variance to indicate Aspergillus flavus in loca­
tion, seed, substrate and water (refer to Tables 6 and 7) 
Source df MS F 
Model 35 2285.44 50.19*** 
Loc® 1 2390.01 52.48*** 
Rep (Loc) 1 320.91 1.76 NS* 
Seed 1 29225.26 641.75*** 
Sub^ 1 11375.26 249.78*** 
Seed*Sub 1 7722.09 169.57*** 
Water 1 362.09 8.70 
Seed*Water 1 31.51 0.69 NS 
Sub*Water 1 3468.01 76.15*** 
Seed*Sub*Water 1 1675.01 36.78*** 
Ster^ 1 6.51 0.14 NS 
Seed*Ster*Sub*Water 7 1996.63 43.84*** 
Loc*Seed 1 1971.09 43.28*** 
Loc*Sub 1 276.76 6.08 
Loc*Water 1 7.59 0.17 NS 
Loc*Ster 1 0.51 0.01 NS 
Loc*Seed*Ster*Sub*Water 11 649.76 14.27*** 
Error 60 45.54 
Corrected Total 95 870.77 
®Loc = Location = Seed pathology or germination laboratory. 
^Sub = Substrate = Kimpak or paper towels. 
^Ster = Sterilization or no sterilization of substrates. 
•••Significant at the 0.001% level. 
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Table A9. Analysis of Variance to indicate presence of A. niger in loca­
tion, seed, substrate and water (refer to Tables 6 and 7) 
Source df MS F 
Model 35 101.50 11.43*** 
Loc* 1 201.26 22.66*** 
Rep (Loc) 4 2.29 0.26 NS 
Seed 1 304.59 34.30*** 
Sub^ 1 195.51 22.02*** 
Seed*Sub 1 237.51 26.74*** 
Water 1 46.76 5.27 
Seed*Water 1 49.59 5.58 
Sub*Water 1 65.01 7.32 
Seed*Sub*Water 1 44.01 4.96 
Ster^ 1 58.57 6.60 
Seed*Ster*Sub*Water 7 54.07 6.09*** 
Loc*Seed 1 341.26 38.43*** 
Loc*Sub 1 656.26 73.90*** 
Loc*Water 1 114.84 12.93*** 
Loc*Ster 1 142.59 16.06*** 
Loc*Seed*Ster* 7.24*** 
Sub*Water 11 64.27 
Error 60 8.88 
Corrected Total 95 43.00 
*Loc = Location = seed pathology or germination laboratory. 
^Sub = Substrate = Kimpak or paper towel. 
^Ster = Sterilization or no sterilization of substrates. 
***Significant at the 0.001% level. 
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Table AlO. Analysis of variance table to indicate presence of Pénicillium 
in location, seed, substrate and water (refer to Tables 6 and 
7) 
Source df MS F 
Model 35 1.13 2.44** 
Loc^ 1 8.17 17.63*** 
Rep (Loc) 4 2.39 5.15*** 
Seed 1 8.17 17.63*** 
Sub^ 1 0.67 1.44 NS 
Seed*Sub 1 0.67 1.44 NS 
Water 1 0.38 0.81 NS 
Seed*Water 1 0.04 0.09 NS 
Sub*Water 1 0.38 0.81 NS 
Seed*Sub*Water 1 0.38 0.81 NS 
Ster^ 1 0.17 0.36 NS 
Seed*Ster*Sub*Water 7 0.67 0.15 NS 
Loc*Seed 1 8.17 17.63 NS 
Loc*Sub 1 0.67 1.44 NS 
Loc*Water 1 0.38 0.81 NS 
Loc*Ster 1 0.00 0.00 NS 
Loc*Seed*Ster*Sub*Water 11 0.12 0.25 NS 
Error 60 0.46 
Corrected total 95 0.71 
*Loc = Location = seed pathology or germination laboratory. 
'^Sub = Substrate = Kimpak or paper towel. 
^Ster = Sterile/not sterile (applies to substrate). 
**Significant at the 0.01% level. 
•••Significant at the 0.001% level. 
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APPENDIX B. 
ANALYSIS OF VARIANCE TABLES 
FOR PART 2 
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Table Bl. ANOVA for normal seedlings in inoculated soybean germination 
tests (refer to Tables 2 and 3) 
Source df MS F 
Model 14 2152.42 54.90*** 
Error 45 39.21 
Corrected total 59 540.65 
Substrate 2 7892.70 201.32** 
Fungus 4 2285.9 58.30** 
Substrate*Fungus 8 650.6 16.60*** 
**Significant at the 0.01% level. 
***Significant at the 0.001% level. 
Table B2. Abnormal seedlings in inoculated soybean germination tests 
(refer to Table 2) 








Corrected total 59 436.70 
Substrate 2 5697.62 9.23** 
Fungus 4 2025.03 68.37*** 
Substrate*Fungus 8 617.3 20.84*** 
**Sigm"ficant at the 0.01% level. 
***Significant at the 0.001% level. 
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Table B3. Dead seeds in inoculated soybean germination tests (refer to 
Table 2) 
Source df MS F 
Model 14 43.16 1.64 NS* 
Error 45 26.33 
Corrected total 59 30.32 
Substrate 2 182.62 9.14** 
Fungus 4 19.81 0.99 NS 
Substrate*Fungus 8 19.97 0.76 NS 
^NS = nonsignificant. 
**Significant at the 0.01% level. 
Table B4. Atypical seedlings with seminal roots in inoculated soybean 
germination tests (refer to Table 4) 
Source df NS F 
Model 14 46.56 4.04*** 
Error 45 11.52 
Corrected total 59 19.84 
Substrate 2 232.52 20;17*** 
Fungus 4 6.33 0.55 NS* 
Substrate*Fungus 8 20.18 1.75 NS 
^NS = nonsignificant. 
***Significant at the 0.001% level. 
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Table B5. Abnormal (atypical) seedlings with stubbed roots in inoculated 
soybean germination tests (refer to Table 4) 
Source df MS F 
Model 14 978.79 61.13*** 
Error 45 16.00 
Corrected total 59 244.47 
Substrate 2 757.4 47.30*** 
Fungus 4 1582.86 98.86*** 
Substrate*Fungus 8 732.11 45.73*** 
***Significant at the 0.001% level. 
Table B6. Seedlings with split hypocotyls 
tion tests (refer to Table 4) 
in inoculated soybean germina-
Source df MS F 
Model 14 14.59 2.68*** 
Error 45 5.43 
Corrected total 59 8.29 
Substrate 2 52.02 9.56*** 
Fungus 4 14.77 2.72* 
Substrate*Fungus 8 5.14 0.95 NS® 
®NS = nonsignificant. 
•Significant at the 0.05% level. 
***Significant at the 0.001% level. 
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Table B7. Seedlings with necrotic or glassy hypocotyls in inoculated 
soybean germination tests (refer to Table 4) 
Source df MS F 
Model 14 0.12 0.93 NS® 
Error 45 0.13 
Corrected total 59 0.13 
Substrate 2 0.27 2.00 MS 
Fungus 4 0.1 0.75 NS 
Substrate*Fungus 8 0.1 0.75 NS 
®NS = nonsignificant. 
Table B8. Seedlings with split hypocotyls in inoculated soybean germina­
tion tests (refer to Table 4) 
Source df MS F 
Model 14 0.031 0.93 NS® 
Error 45 0.033 
Corrected total 59 0.03 
Substrate 2 0.07 2.00 NS 
Fungus 4 0.0025 0.75 NS 
Substrate*Fungus 8 0.025 0.75 NS 
^NS = nonsignificant. 
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Table B9. Seedlings with decayed cotyledons in inoculated soybean germi­
nation tests (refer to Table 4) 
Source df MS F 
Model 14 240.48 12.35*** 
Error 45 19.45 
Corrected total 59 71.90 
Substrate 2 885.32 45.47*** 
Fungus 4 211.48 10.86*** 
Substrate*Fungus 8 93.78 4,82*** 
***Significant at the 0.001% level. 
Table BIO. Seedlings with thick hypocotyls in inoculated soybean germi­
nation tests (refer to Table 4) 
Source df MS F 
Model 14 14.70 6.78*** 
Error 45 7.03 
Corrected total 59 16.68 
Substrate 2 36.07 5.13** 
Fungus 4 63.29 9.00*** 
Substrate*Fungus 8 42.8 6.09*** 
**Significant at the 0.01% level. 
•••Significant at the 0.001% level. 
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Table Bll. Seedlings with reduced surface area in inoculated soybean 
germination tests (refer to Table 4) 
Source df MS F 
Model 14 70.35 5,11^*^ 
Error 45 13.75 
Corrected total 59 27.19 
Substrate 2 160.07 11.64^^^ 
Fungus 4 55.4 4.03^^ 
Substrate^Fungus 8 55.4 4.03*^* 
••Significant at the 0.01% level. 
•••Significant at the 0.001% level. 
Table B12. Seedlings without secondary roots in inoculated soybean ger­
mination tests (refer to Table 4) 
Source df MS F 
Model 14 13.97 1.30 NS* 
Error 45 10.73 
Corrected total 59 11.50 
Substrate 2 29.4 2.74 NS 
Fungus 4 11.4 1.06 NS 
Substrate^Fungus 8 11.4 1.06 NS 
®NS = nonsignificant. 
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Table B13. Negatively geotropic seedlings in inoculated soybean germi­
nation tests (refer to Table 4) 
Source df MS F 
Model 14 55.22 27.08*** 
Error 45 2.04 
Corrected total 59 14.66 
Substrate 2 252.15 123.67*** 
Fungus 4 22.4 10.99*** 
Substrate*Fungus 8 22.4 10.99*** 
***Significant at the 0.001% level. 
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Table B14. Interpretation of normal seedlings in inoculated soybean germi­
nation tests by analysts (refer to Table 6) 
Source df MS F CV 
Model 59 823.37 29 .36 
Error 180 28.05 
Total 239 224.38 
Analyst 3 519.54 18 .52*** 
Fungus 4 4120.79 146 .93*** 
Analyst*Fungus 12 378.90 13 .51*** 
Substrates 2 3743.96 133 .49*** 








Fungus*Substrate 8 1135.44 40 .49*** 
Analyst*Fungus*Substrate 24 229.40 8 .18*** 
***Signifleant at the 0.001% level. 
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Table B15. Interpretation of abnormal seedlings in inoculated soybean 
germination tests by analysts; 4 dead seeds (refer to Table 
6 )  
Source df MS F CV 
Model 59 451, .88 31.67 
Error 180 14 .27 
Corrected total 239 122 .30 47.74*** 
Analyst 3 681 .08 80.67*** 
Fungus 4 1150 .90 6.32*** 
Analyst*Fungus 12 90 .19 382.67*** 
Substrates 2 5459 .43 35.67*** 
Analyst*Substrates 6 512 .09 35.89*** 
Fungus*Substrate 8 1135 .44 40.49*** 
Analyst*Fungus*Substrate 24 229 .40 8.18*** 
***Significant at the 0.001% level. 
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Table 816. Interpretation of abnormal seedlings in inoculated soybean 
germination tests by analysts; mechanically damaged (refer 
to Table 6) 
Source df MS F 
Model 59 187.70 30.45 
Error 180 6.16 
Corrected total 239 50.98 
Analyst 3 674.46 109.42*** 
Fungus 4 207.20 33.62*** 
Analyst*Fungus 12 70.30 11.40*** 
Substrate 2 2469.28 400.60*** 
Analyst*Substrate 6 193.62 31.41*** 
Fungus*Substrate 8 49.46 8.02*** 
Analyst*Fungus*Substrate 24 36.78 5.97*** 
***Significant at the 0.001% level. 
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Table B17. Interpretation of abnormal seedlings in inoculated soybean 
germination tests by analysts; questionable mechanically 
damaged (refer to Table 6) 
Source df MS F 
Model 59 78.54 12.80*** 
Error 180 6.13 
Corrected total 239 24.00 
Analyst 3 486.98 79.38*** 
Fungus 4 103.28 16.84*** 
Analyst*Fungus 12 28.63 4.67*** 
Substrates 2 24.64 4.02*** 
Analyst*Substrates 6 288.40 47.01*** 
Fungus*Substrate 8 24.12 3.93*** 
Analyst*Fungus*Substrate 24 18.48 3.01*** 
***Significant at the 0.001% level. 
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Table 818. Interpretation of abnormal seedlings in inoculated soybean 
germination tests by analysts; diseased seedlings (refer to 
Table 6) 
Source df MS F 
Model 59 144.71 27.62*** 
Error 180 5.24 
Corrected total 239 39.67 
Analyst 3 221.30 42.23*** 
Fungus 4 356.37 68.00*** 
Analyst*Fungus 12 159.00 30.34*** 
Substrates 2 1003.08 191.42*** 
Analyst*Substrates 6 97.26 18.56*** 
Fungus*Substrate 8 123.56 23.58*** 
Analy$t*Fungus*Substrate 24 40.12 7.66*** 
***Significant at the 0.001% level. 
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Table B19. Interpretation of abnormal seedlings in inoculated soybean 
germination tests by analysts; questionable diseased (refer 
to Table 6) 
Source df MS F CV 
Model 59 86.05 11. 77** 
Error 180 7.30 
Corrected total 239 26.75 
Analyst 3 90.28 12. 35*** 
Fungus 4 89.31 12. 84*** 
Analyst^Fungus 12 68.63 9. 36*^* 
Substrate 2 203.45 27. 84*** 
Analyst^Substrate 6 145.44 19. ,90*** 
Fungus^Substrate 8 80.95 11. ,08^^^ 
Analyst^Fungus^Substrate 24 70.01 9. ,:#••• 
••Significant at the 0.01 level. 
•••Significant at the 0.001 level. 
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Table B20. Normal seedlings in inoculated soybean lots of different 
quality (refer to Table 8) 
Source df MS F 
Model 47 1816.81 39.44^*^ 
Error 144 46.07 
Corrected total 191 481.80 
Seed 3 7208.84 9.71** 
Substrate 2 3932.29 5.30^ 
Fungus treatment 3 4226.38 9.59^*^ 
Seed^Treatment 9 737.33 16. Ol^^^ 
Substrate^Fungus treatment 6 1672.39 2.25 NS^ 
Substrate^Seed 6 2113.19 45.07^^^ 
Seed^Substrate^Fungus treatment 18 288.00 6.25^*^ 
®NS = nonsignificant. 
•Significant at the 0.05 level. 
••Significant at the 0.01 level. 
•••Significant at the 0.001 level. 
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Table B21. Abnormal seedlings in inoculated soybean lots of different 
quality (refer to Table 8) 
Source df MS F 
Model 47 1291.72 31.65*** 
Error 144 40.81 
Corrected total 191 348.63 
Seed 3 4381.14 7.62*** 
Substrate 2 3041.012 5.29* 
Fungus treatment 3 4893.05 8.51*** 
Substrate*Fungus treatment 6 1304.35 2.27 NS® 
Seed*Substrate 6 1561.62 38.26*** 
Seed*Fungus treatment 9 342.78 8.40*** 
Seed*Substrate*Fungus treatment 18 362.53 8.88*** 
^NS = nonsignificant. 
•Significant at the 0.05 level. 
***Significant at the 0.001 level. 
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Table B22. Dead seeds in inoculated soybean lots of different quality 
(refer to Table 8) 
Source df MS F 
Model 47 138. 96 11.24*** 
Error 144 12. 36 
Corrected total 191 43. 51 
Seed 3 74. 24 7.14*** 
Substrate 2 3. 52 0.03 NS* 
Fungus treatment 3 251. 48 2.42 NS 
Substrate*Fungus treatment 6 20. 14 0.19 NS 
Seed*Substrate 6 125. 01 10.12*** 
Seed*Fungus treatment 9 127. 13 10.29*** 
Seed*Substrate*Fungus treatment 18 85. 09 6.89*** 
^NS = nonsignificant. 
***Significant at the 0.001 level. 
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Table B23. Seedlings with seminal roots in inoculated soybean lots of 
different quality (refer to Table 8) 
Source df MS F 
Model 47 92.38 10.14*** 
Error 144 9.11 
Corrected total 191 29.60 
Seed 3 423.52 6.42** 
Substrate 2 57.42 0.87 NS® 
Fungus treatment 3 30.00 0.45 NS 
Substrate*Fungus treatment 6 114.84 1.74 NS 
Seed*Substrate 6 188.04 20.64** 
Seed*Fungus treatment 9 19.47 2.14* 
Seed*Substrate*Fungus treatment 18 48.55 5.33*** 
^NS = nonsignificant. 
*Signifleant at the 0.05 level. 
**Significant at the 0.01 level. 
***Significa.nt a.t the 0.001 level. 
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Table B24. Seedlings with stubbed roots in inoculated soybean seed lots 
of different quality (refer to Table 8) 
Source df MS F 
Model 47 919.52 158.01*** 
Error 144 5.82 
Corrected total 191 230.66 
Seed 3 568.38 2.59 NS* 
Substrate 2 2186.79 9.96*** 
Fungus treatment 3 5368.21 24.45*** 
Substrate*Fungus treatment 6 2297.97 10.46*** 
Seed*Substrate 6 130.08 22.35*** 
Seed*Fungus treatment 9 433.84 74.55*** 
Seed*Substrate*Fungus treatment 18 142.30 24.45*** 
^NS = nonsignificant. 
***Significant at the Û.001 level. 
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Table B25. Seedlings with looped hypocotyls in 
quality (refer to Table 8) 
soybean lots of different 
Source df MS F 
Model 47 6.38 5.85*** 
Error 144 1.09 
Corrected total 191 2.39 
Seed 3 12.14 1.87 NS® 
Substrate 2 2.82 0.43 NS 
Fungus treatment 3 6.65 1.03 NS 
Substrate*Fungus treatment 6 3.97 0.61 NS 
Seed*Substrate 6 13.19 12.09*** 
Seed*Fungus treatment 9 5.51 5.06*** 
Seed*Substrate*Fungus treatment 18 4.73 4.34*** 
®NS = nonsignificant. 
***Significant at the 0.001 level. 
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Table B26. Seedlings with necrotic or glossy hypocotyls in inoculated 
soybean lots of different quality (refer to Table 8) 
Source df MS F 
Model 47 5.72 7.25*** 
Error 144 0.79 
Corrected total 191 2.00 
Seed 3 6.04 1.09 NS® 
Substrate 2 11.41 2.06 NS 
Fungus treatment 3 4.72 0.85 NS 
Substrate*Fungus treatment 6 0.15 0.50 NS 
Seed*Substrate 6 2.49 3.17*** 
Seed*Fungus treatment 9 5.27 6.69*** 
Seed*Substrate*Fungus treatment 18 6.71 8.51*** 
^NS = nonsignificant. 
•••Significant at the 0.001 level. 
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Table B27. Soybean seedlings with split hypocotyls in inoculated soybean 
lots of different quality (refer to Table 8) 
Source df MS F 
Model 47 3.93 20.96*** 
Error 144 0.19 
Corrected total 191 1.11 
Seed 3 2.96 0.82 NS* 
Substrate 2 7.73 2.15 NS 
Fungus treatment 3 4.57 1.27 NS 
Substrate*Fugnus treatment 6 4.69 1.31 NS 
Seed*Substrate 6 3.00 15.97*** 
Seed*Fungus treatment 9 3.78 20.20*** 
Seed*Substrate*Fungus treatment 18 3.70 19.69*** 
®NS = nonsignificant. 
***Significant at the 0.001 level. 
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Table B28. Seedlings with decayed cotyledons in inoculated soybean lots 
of different quality (refer to Table 8) 
Source df MS F 
Model 47 272.19 50.17*** 
Error 144 5.42 
Corrected total 191 71.07 
Seed 3 600.27 6.15^* 
Substrate 2 1207.91 12.37^^^ 
Fungus treatment 3 1189.12 12.18^^^ 
Substrate^Fungus treatment 6 297.68 3.05^ 
Seed^Substrate 6 150.14 27.67*** 
Seed^Fungus treatment 9 93.07 17.16*** 
Seed^Substrate^Fungus treatment 18 82.46 15.20*** 
•Significant at the 0.05 level. 
••Significant at the 0.01 level. 
•••Significant at the 0.001 level. 
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Table B29. Soybean seedlings with thick hypocotyls in inoculated soy­
bean lots of different quality (refer to Table 8) 
Source df MS F 
Model 47 24.07 19.05*** 
Error 144 1.26 
Corrected total 191 6.88 
Seed 3 21.83 0.88 NS® 
Substrate 2 18.00 0.73 NS 
Fungus treatment 3 23.57 0.95 NS 
Substrate*Fungus treatment 6 23.60 0.95 NS 
Seed*Substrate 6 22.55 17.84*** 
Seed*Fungus treatment 9 27.77 21.97*** 
Seed*Substrate*Fungus treatment 18 24.03 19.20*** 
®NS = nonsignificant. 
***Significant at the 0.001 level. 
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Table B30. Seedlings with reduced root surface area in inoculated soy­
bean lots of different quality (refer to Table 8) 
Source df MS F 
Model 47 57.80 15.38 
Error 144 3.76 
Corrected total 191 17.06 
Seed 3 58.32 1.47 NS^ 
Substrate 2 19.23 0.48 NS 
Fungus treatment 3 244.57 6.15^* 
Substrate^Fungus treatment 6 75.68 1.92 NS 
Seed*Substrate 6 47.51 12.64**^ 
Seed^Fungus treatment 9 49.24 13. ^ ••^ 
Seed^Substrate^Fungus treatment 18 32.44 8.63^^^ 
^NS = nonsignificant. 
••Significant at the 0.01 level. 
•••Significant at the 0.001 level. 
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Table B31. Seedlings without secondary roots in inoculated soybean lots 
of different quality (refer to Table 8) 
Source df MS F 
Model 47 14.95 6.49 
Error 144 2.30 
Corrected total 191 5.41 
Seed 3 47.53 4.01* 
Substrate 2 38.20 3.22* 
Fungus treatment 3 17.81 1.50 NS® 
Substrate*Fungus treatment 6 6.48 0.55 NS 
Seed*Substrate 6 27.66 12.01*** 
Seed*Fungus treatment 9 7.92 3.44*** 
Seed*Substrate*Fungus treatment 18 8.55 3.71*** 
®NS = nonsignificant. 
•Significant at the 0.05 level, 
•••Significant at the 0.001 level. 
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Table B32. Negatively geotropic seedlings in inoculated soybean seed lots 
of different quality (refer to Table 8) 
Source df MS F 
Model 47 43.14 18.80*** 
Error 144 2.30 
Corrected total 191 12.34 
Seed 3 18.63 1.06 NS* 
Substrate 2 638.02 36.35 NS 
Fungus treatment 3 12.92 0.74 NS 
Substrate*Fungus treatment 6 12.92 0.74 NS 
Seed*Substrate 6 18.63 8.12*** 
Seed*Fungus treatment 9 17.30 7.54*** 
Seed*Substrate*Fungus treatment 18 17.30 7.54*** 
®NS = nonsignificant. 
***Significant at the 0.001 level. 
Table B33. Classes of atypical seedlings among seeds of various quality in Kimpak (KIM), rolled paper 
towels (RPT), and sand (SAN) 
Classes of atypical seedlings^ 
Quality^ Sub. Trt.^ 123456789 10 
UNO KIM CON 2.00 0.00 0.50 0.00 0.25 0.00 0.00 0.00 0.00 0.00 
UNO RPT CON 4.25 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
UNO SAN CON 0.50 0.00 0.75 0.00 0.00 0.00 0.50 0.00 0.75 0.50 
UND KIM FLA 4.25 0.00 0.25 7.25 1.00 9.25 0.00 0.00 0.00 0.00 
UNO RPT FLA 4.25 0.00 0.00 0.00 0.25 13.50 0.50 0.00 0.25 0.00 
UND SAN FLA 2.25 0.00 0.25 0.00 0.00 0.00 0.50 0.00 0.75 0.50 
UND KIM NIG 0.00 1.50 0.00 0.50 0.75 6.25 0.00 0.00 0.00 0.00 
UND RPT NIG 8.25 0.00 0.00 2.75 0.00 25.00 0.00 0.00 0.00 0.00 
UND SAN NIG 5.50 2.25 1.00 0.00 0.00 0.00 2.00 1.50 1.00 10.25 
UND KIM PEN 0.00 53.00 0.00 0.00 0.00 1.75 0.25 3.75 0.50 0.00 
UND RPT PEN 2.00 20.25 0.00 0.00 0.00 0.00 3.50 4.75 0.00 0.00 
UND SAN PEN 1.50 0.00 0.00 0.00 0.00 0.00 0.25 2.00 3.00 3.50 
DAM KIM CON 12.00 0.00 1.00 0.25 0.00 0.00 2.25 0.00 0.00 0.00 
DAM RPT CON 8.00 0.00 0.00 0.00 0.00 7.50 0.00 2.50 2.50 0.00 
DAM SAN CON 10.00 0.00 1.00 0.00 0.00 1.75 0.00 2.50 0.75 6.00 
DAM KIM FLA 8.50 0.75 2.75 0.00 0.00 11.00 0.00 0.00 0.00 0.00 
DAM RPT FLA 12.00 0.00 0.50 1.00 0.00 12.75 0.00 0.00 0.00 0.00 
DAM SAN FLA 12.50 6.75 2.75 0.25 0.00 9.75 2.50 0.00 1.75 8.25 
DAM KIM NIG 9.00 0.00 0.00 0.50 0.00 16.25 0.50 0.00 0.00 0.00 
DAM RPT NIG 11.75 2.00 0.00 0.00 0.00 14.00 0.00 1.25 0.00 0.00 
DMA SAN NIG 11.00 0.00 1.00 0.00 0.00 0.00 1.00 6.50 8.50 12.25 
DAM KIM PEN 1.25 71.25 0.75 2.25 0.00 0.00 0.75 7.00 0.00 0.00 
DAM RPT PEN 2.00 21.00 0.00 0.00 0.00 0.00 0.00 5.75 4.25 0.00 
DAM SAN PEN 20.50 9.75 5.00 1.00 0.00 0.00 0.50 2.25 9.00 0.00 
SRG KIM CON 14.50 2.00 0.00 0.00 6.75 0.00 0.00 0.00 0.00 0.00 
SRG RPT CON 5.50 0.50 1.75 0.00 0.00 8.00 0.00 0.00 0.00 0.00 
SRG SAN CON 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.25 
SRG KIM FLA 3.75 1.75 0.00 0.00 0.00 27.25 0.00 1.75 0.00 0.00 
SRG RPT FLA 4.00 3.50 6.00 0.00 0.00 16.00 16.50 0.00 0.00 0.00 
SRG SAN FLA 0.00 0.00 0.00 0.00 0.00 1.25 1.50 0.00 0.00 3.75 
SRG KIM NIG 3.00 0.00 0.00 0.00 0.00 26.25 0.00 3.50 0.00 0.00 
SRG RPT NIG 11.00 3.00 0.00 0.00 0.00 31.00 0.00 1.50 0.00 0.00 
SRG SAN NIG 0.00 0.00 0.00 0.00 0.00 0.75 1.50 0.00 0.00 2.25 
SRG KIM PEN 1.25 56.00 0.00 2.50 0.00 1.25 0.00 9.00 0.00 0.00 
SRG RPT PEN 12.50 16.50 0.00 0.00 0.00 11.50 0.00 23.00 0.00 0.00 
SRG SAN PEN 0.00 0.50 0.00 0.00 0.00 0.00 0.00 2.75 3.00 0.00 
TTD KIM CON 11.75 0.00 0.00 0.00 1.00 2.75 0.00 0.00 0.00 0.00 
TTD RPT CON 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TTD SAN CON 0.25 0-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.25 
TTD KIM FLA 9.25 0.00 0.25 0.75 0.00 4.75 0.00 0.00 0.50 0.00 
TTD RPT FLA 4.75 0.00 0.00 0.00 0.00 4.75 0.00 0.00 0.00 0.00 
TTD SAN FLA 5.00 0.00 0.00 0.00 0.00 0.00 0.00 2.75 0.00 7.25 
1 = seminal roots; 2 = stubbed/stumpy roots; 3 = looped hypocotyls; 4 = necrotic roots; 5 = 
split hypcootyls; 6 = decayed cotyledons; 7 = thick hypocotyls; 8 = reduced root surface area; 9 = 
no secondary roots; 10 = negatively geotropic. 
= undamaged; DAM = damaged; SRG = stored for over 2 years; TTD = treated. 
^FLA = Aspergillus flavus; NIG = Aspergillus niger; PEN = Pénicillium i CON = control. 
Table B33. Continued 
Classes of atypical seedlings^ 
Quality^ Sub. Trt.^ 123456789 10 
TTD KIM NIG 10.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 
TTD RPT NIG 3.25 0.25 0.00 0.00 0.00 6.50 0.00 0.00 0.00 0.00 
TTD SAN NIG 3.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
TTD KIM PEN 3.75 13.50 0.00 0.00 0.00 0.00 0.00 2.75 3.00 0.00 
TTD RPT PEN 7.00 0.00 0.00 0.00 0.00 0.00 0.00 1.75 0.00 0.00 
TTD SAN PEN 3.25 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 9.00 
LSD 4.23 3.37 1.46 1.24 0.61 2.90 1.57 2.71 2.12 2.12 
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Table B34. Normal seedlings in antibiotic and fungicide treatment of 
Amsoy 71 soybean aged using fungi (refer to Table 9) 
Source df MS F 
Model 149 926. 64 66.26 
Error 150 13. 99 
Corrected total 299 468. 79 
Fungus 4 13297. 73 950.82*** 
Aging 4 13298. 40 950.87*** 
Fungus*Aging 16 1547. 83 111.57*** 
Chemical treatment 2 296. 67 21.21*** 
Fungus*Chemical 8 101. 15 7.23*** 
Aging*Chemical 8 128. 25 9.17*** 
Fungus*Aging*Chemical 32 103. 55 7.40*** 
Rep(Fungus*Aging) 75 13. 03 0.93*** 
***Significant at the 0.001 level. 
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Table B35. Abnormal seedlings in antibiotic and fungicide treatment of 
Amsoy 71 soybean aged using fungi (refer to Table 9) 
Source df MS F 
Model 149 135.00 16.96 
Error 150 7.96 
Corrected total 299 71.27 
Fungus 4 299.81 37.67*** 
Aging 4 1853.23 232.85*** 
Fungi*Aging 16 460.83 57.90*** 
Chemical 2 85.12 10.69*** 
Fungus*Chemical 8 70.08 8.81*** 
Aging*Chemical 8 23.88 3.00*** 
Fungus*Aging*Chemical 32 62.26 7.82*** 
Rep(Fungus*Aging) 75 16.22 2.04*** 
***Significant at the 0.001 level. 
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Table B36. Dead seeds in antibiotic and fungicide treatment of Amsoy 71 
soybean aged using fungi (refer to Table 9) 
Source df MS F 
Model 149 1352.99 67.59^^ 
Error 150 20.02 
Fungus 4 17304.42 864.40^^^ 
Aging 4 23551.10 1176.44^^^ 
Fungus^Aging 16 1830.84 91.46*^* 
Chemical treatment 2 511.75 25.56*^^ 
Fungus^Chemical 8 109.85 5.49^^* 
Aging^Chemical 8 207.94 19.39^^^ 
Fungus^Aging^Chemical 32 108.54 5.42^*^ 
Rep (Fungus^Aging) 75 24.54 1.23^*^ 
••Significant at the 0.01 level. 
•••Significant at the 0.001 level. 
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Table B37. Normal seedlings in soybean seeds that were inoculated and 
chemically treated, then left unaged or aged for 72 hours 
before germination (refer to Table 10) 
Source df MS F 
Model 29 3231.55 395.54*** 
Chemical treatment 2 1852.5 227.02*** 
Fungus treatment 4 1237.20 151.62*** 
Fungus treatment*Chemical 
treatment 8 240.00 29.41*** 
Aging 1 72766.88 8901.15*** 
Aging*Chemical treatment 2 2001.1 244.78*** 
Aging*Fungus treatment 4 1041.10 127.35*** 
Aging*Fungus treatment* 
Chemical treatment 8 230.14 28.15*** 
Error 90 8.17 
Corrected total 119 1852.5 
•••Significant at the 0.001 level. 
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Table B38. Abnormal seedlings in soybean seeds that were inoculated, 
chemically treated, then left unaged or aged for 72 hours 
before germination (refer to Table 10) 
Source df MS F 
Model 29 883.08 108.09*** 
Chemical treatment 2 343.41 70.95*** 
Fungus treatment 4 328.11 67.79*** 
Fungus treatment*Chemical 
treatment 8 292.12 60.36*** 
Aging 1 17136.30 4516.16*** 
Aging*Chemical treatment 2 330.98 87.23*** 
Aging*Fungus treatment 4 266.60 70.26*** 
Aging*Fungus treatment* 
Chemical treatment 8 273.82 72.16*** 
Error 90 8.17 
Corrected total 119 
•••Significant at the 0.001 level. 
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Table B39. Dead seeds in soybean seeds that were inoculated, chemically 
treated, then left unaged or aged for 72 hours before germi­
nation (refer to Table 10) 
Source df MS F 
Model 29 1019.95 124.84*** 
Chemical treatment 2 596.58 159.15*** 
Fungus treatment 4 648.34 162.09*** 
Fungus treatment*Chemical 
treatment 8 184.52 46.13*** 
Aging 1 18975.68 3178.80*** 
Aging*Chemical treatment 2 661.08 110.74*** 
Aging*Fungus treatment 4 613.59 102.79*** 
Aging*Fungus treatment* 
Chemical treatment 8 172.96 28.97*** 
Error 90 8.17 
Corrected total 119 250.82 
***Significant at the 0.001 level. 
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APPENDIX C. 
EFFECT OF FUNGAL FILTRATES ON SEED GERMINATION 
Materials and Methods 
It has been indicated (1, 2, 3) that filtrates of fungal contaminants 
could inhibit germination of seeds. Therefore, spore suspensions of 
Aspergillus flavus, A. niger, Rhizopus and Pénicillium were prepared to a 
concentration of 23x10® spores/ml. The suspension was filtered through 
0.2 ym Gilman filter papers (Lot 3927113). A vacuum was created using air. 
If the sedimentation was heavy, then the suspension was first centrifuged 
in a Sorvall RC2-B Automatic rated centrifuge at 50,000 rpm, after which 
it was filtered. 
Soybean seeds were inoculated separately by spraying with the spore 
suspension or with the filtrate of each fungus separately. 
Results and Discussion 
Results of this experiment are presented in Table CI below. These re­
sults show significant differences between treatments inoculated with inoc­
ulum in the form of spores and those that were inoculated with inoculum of 
the same fungi in the form of filtrates. The filtrates of Pénicillium and 
Rhizopus were not markedly different from the spore suspensions. However, 
the spore suspension of A. flavus and those of A. niger were more pathogen­
ic than the filtrates of these fungi. In this respect, our data differ 
from earlier reports (1, 2, 3, 4) that filtrates of these fungi were more 
pathogenic. Part of the answer to this difference lies in the fact that 
the workers referred to did not do comparative studies. Secondly, 
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differences in seed types used, the method of inoculation and the medium 
used for germination may all account for these differences between their 
result and ours. 
Table CI. Percent germination of soybean tests inoculated with filtrate 
and fungal spore suspension 
Method Treatment Percent germination^ 
Normal Abnormal Dead 
Water inoculated Control 82.13 13.13 4.75 
Uninoculated Control 85.13 11.63 3.25 
Filtrate A. flavus 72.75 22.25 4.62 
Spore suspension A. flavus 68.88 24.00 7.00 
Filtrate A. niger 78.75 19.00 2.25 
Spore suspension A. ngier 68.88 28.38 2.75 
Filtrate Pénicillium 78.88 19.13 2.25 
Spore suspension Pénicillium 75.38 20.57 3.88 
Filtrate Rhizopus 77.25 19.38 3.88 
Spore suspension Rhizopus 74.50 22.00 3.38 
LSD (t=0.05) 3.09 2.91 0.50 
*Means of 4 replications. 
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